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SUMMARY

Three sediment samples from the 300 Area North Process Pond were
characterized for %%, 2%, gamma emitters, and selected metals as a function
of particle size. Based on dry sieving, all three sediments are coarse with
greater than 70% of the particles being gravel and less than 2.5% silt and
clay. The sediments show elevated concentrations of 2%U, 2% and numerous
metals such as Cr, Ni, Cu, Zr, Zn, Ag and Sr compared to nearby undisturbed
300 Area sediments. In general, the concentrations of metals show a
progression of higher concentrations as the particle size decreases. But
because the sediments are so coarse the majority of the mass of each metal
present in the sediment is found in the sand fractions especially the medium
through coarse sand (425 um to 2 mm). The sediments may contain very minor
amounts (<0.5 pCi/g) of %%Co and '*’Cs but these values are at our limit of
detection.

Based on dry sieving, physical separation of all particles smaller than
250 pm would remove between 24 and 65% of the uranium present in the three
sediments studied and would separate from 1.3 to 5.7% of the mass of bulk
sediment, The one question still unanswered is whether or not the removal of
the <250 um material will be enough to leave a clean soil. Since no cleanup
goals have been set as of yet, this cannot be answered. However, when they
are determined, it may be necessary to adjust the amount of sediments removed
by raising or lowering the split point in order to achieve a clean soil. For
example, a split at 2 mm would remove 21 to 30% of the sediment and would
contain 85 to 92% of the uranium. A treatability test that simulates actual
soil washing could provide additional information on this issue. There is a
distinct possibility that wet sieving would show more contaminants in the
finer fractions because of fines clinging to larger particles during the dry
sieving. Alternatively, soil washing with attrition of Targer particle sizes
or washing with chemical reagents might remove the uranium and other
contaminants from the Targer sized material that constitutes the bulk of the
Process Pond sediments.
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INTRODUCTIQON

The sediments in the 300 Area North Process Pond are being considered for
clean up using soil washing processes. The criteria for success of the
proposed treatability study using physical separation of fines are described
in DOE (1992). They include separation and proper containment of the
contaminant-rich fines and residual liquid effluent (if it should be deemed
potentially hazardous) and release of the coarse “clean” fraction should it
meet minimum performance levels for residual contaminant concentration (see
DOE 1992 for specific values) to the site being cleaned. The success of the
demonstration has been set on concentrating the contaminants into <30% of the
sojl volume excavated and therefore being allowed to release >70% of the soil
back to the inactive burial ground. To support optimization of soil washing
schemes for the proposed treatability study, some sediment characterization
data are being collected. This Tetter report documents particle size
distributions, and chemical and gamma emitting radionuclide contents as a
function of particle-size distribution for three representative samples
provided to Pacific Northwest Laboratory by Westinghouse Hanford Company. The
particle fractions were separated by dry sieving.

There have been several earlier studies that describe the history of
Process Ponds (Young, Fruland and Fruchter 1990; Young and Fruchter 1991),
past sediment characterization (Dennison, Sherwood and Young 1989; Gerber et
al. 1991) and the proposed soil washing treatability plan {DOE 1992).

The North Process Pond (710 acres) was constructed in late 1948 to
function as a percolation pond for fuels fabrication liquid wastes. The
1iquid wastes contained sodium aluminate from decladding the Al metal
container around the uranium fuel. Later Zircaloy-2, a zirconium-beryllium
based clad, was used. Thus, the waste stream likely contained Zr and Be in
later years. Part of the fuel canning process also entailed use of tin and
bronze (Cu). Mineral acids HF, HNO, and H,S0,, caustic (NaOH), and organic
solvents and degreasers also ended up in the waste stream.

Radionuclides that were present in the Tiquid waste streams included
uranium {natural with 0.7% %3°U, enriched to 0.95% %°U and enriched to 1.25%
25y and small quantities of activation products (%zn, >*Fe and 5°%Co) from
reprocessing fuel elements that had lost their seals.
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MATERIALS

Three bulk sample containers from the 300 Area North Process Ponds were
received from Westinghouse Hanford Company. The samples were marked BOIF87-
NPT-1, BO1F93-NPT-2, and BO1FB3-NPT-3. A fourth smaller container was also
labelled BOIFB3-NPT-3 and was to be used for moisture content determination.

METHODS

The moisture content sample (BOI1FB3-NPT-3) was quickly homogenized, by
hand mixing and split into three aliquots. Moisture content was determined on
the three samples from measurements of wet and dry weights after oven drying
at 105°C using ASTM D2216.

The three bulk samples were removed from the shipping containers and
spread out individually in glass cake pans and oven dried at 105°C for three
days with mixing once per day. After three days the samples appeared to be
dry and a total sample weight was obtained. The bulk samples were then dry
sieved into various fractions. The weights of each fraction were recorded.

Subsamples of each size fraction were taken to perform XRF chemical
analyses and gamma counting. For the gamma counting, the larger size
fractions (»2 in., 1.5 to 2 in., 1.0 to 1.5 in. and 0.53 to 1.0 in.) were
washed with deionized water prior to being analyzed. This was performed to
assure that no fine "dust" particles were clinging to the gravel/rocks that
might contain higher activity of uranium. The XRF analyses were performed
only on the size fractions <0.53 in. That is, no chemical data were collected
for particles 0.53 to 1.0 in., 1.0 to 1.5 in., 1.5 in. to 2.0 in. and >2.0 in.

The sieves that were used to dry sieve the oven dried bulk samples were
2-in. (56.8 mm), 1.5 in. (38.1 mm), 1.0 in. (25.4 mm), 0.53 in. (13.2 mm), #4
(4.75 mm), #10 (2.00 mm), #40 (425 um}, #60 (250 um), #100 (150 um), #200 (75
um), #325 (45 um) and the catch pan.

Approximately 100 em® of dry material was placed in the top of the
stacked sieves and the sieves mechanically shaken for 10 minutes. The sieves
were tapped to be certain that no smaller particles were trapped. The
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retained material on each screen was placed in a separate container. The
process was repeated until all the sediment samples were sieved. A final
weight of dried material in each size fraction was measured.

ANALYTICAL DETAILS

The subsamples that were 0.53 in. (~13.2 mm) and smaller were submitted
to Ron Sanders (PNL) for x-ray fluorescence analyses. Approximately 1 gram of
material was ground to a fine powder in a mortar. The powders were mounted in
XRF slides and analyzed using four excitation sources: T1, Zr, Ag and Gd.
Elements that are measured using each source inciude T1 (A1, Si, S, C1), Zr
(si, X, Ca, 11, V, Cr, Fe, Ga, Hg, Se, Pb, As, Br), Ag (Rb, Sr, Y, Zr, Nb, Mo,
U) and Gd (Ru, Pd, Ag, Cd, In, Sn, Sb, Te, I, Cs, Ba, La, Ce).

Gamma-ray analyses were performed on all subsamples. The finer size
fractions (<4.75 mm) were mixed with a cellulose binder and compressed into
thin cylindrical wafers. Size fractions between 4.75 and 37.5 mm were packed
in the bottom of 100 mL polyethylene bottles with a diameter similar to the
wafers. A thin Tayer (720 to 80 g) of sediment was packed into the bottles
to simulate the wafer geometry. A representative (random) rock specimen from
each sediment sample and each size fraction larger than 37.5 mm was wrapped in
Saran Wrap and counted directiy on top of the detector. That is, not every
large rock particle was individually counted.

Sampies were counted for variable time periods from 1 hour to 16 hours
dependent upon activity level. A planar intrinsic Ge detector (1500 mm®
active surface area, 16 mm thickness with a resolution of 604 eV at 122 keV)
was used. The detector was calibrated with known standards of natural uranium
ore and uranium mill tailings. Upon reviewing the raw data we determined that
the spectra were essentially lacking most of the uranium daughter products
with long half-Tives. Therefore, 2% was inferred from the activity of its
daughter ®*Th at 63 keV. 235U was calculated from its gamma emission at 185
kev. We assumed that there was no contribution from the ?*°Ra activity at 186
kev. '7Cs and %%o values were determined using their gamma peaks at 662 keV,
and 1173 and 1332 keV respectively.
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RESULTS

Table 1 presents the particle size data for the three sediment samples.
The oven-dried material is rather coarse. All three sediments are 70% or
greater gravel, 21 to 28% sand and 0.2 to 2.4% silt and clay assuming 2 mm and
75 um as cuts between gravel/sand and sand/silt and clay, respectively.
Sample BO1F87-NPT-1 is slightly coarser than the other two samples. Figures
I, 2, and 3 are bar charts that tabulate the particle size distribution for
each sediment.

The moisture content of sample BO1FB3-NPT-3 (taken on December 16, 1991
between the surface and a depth of 15 cm) was 19.71 £ 1.57 percent by weight.
This is rather wet compared to natural Hanford conditions (<5%). The samples
may have been taken after a precipitation event in the winter of 1991.

Table 2 Tists the chemical data for sample BOIF87-NPT-1. Only the metals
with potentially elevated concentrations are Tisted. The raw data also gives
values for Al, Si, §, C1, K, Ca, T1, V, Fe, Ga, Br, Rb, Y, Nb, Mo, Ru, Pd, In,
Sn, Sb, Te, I, Cs, and La. Raw data for chemicals are found in Appendix C.

The data are available for only size fractions 0.53 in. (13.2 mm) and
smaller. The entries in Table 2 show the measured concentrations of selected
metals in each size fraction subsample in ug/g (ppm). Directly below each
metal’s concentration entry is the actual mass in mg that is contained in the
total mass of the size fraction of the sample received from WHC. The sample
weights of each size fraction are shown in Table 1. The column labelled Sum
Fraction (mg) represents the total mass of the constituent in the material
analyzed and is the sum of the product (measured concentration x mass of size
fraction) for all subsamples analyzed. The Total "Bulk" column represents an
estimate of what the metal’s concentration would be in a bulk samplie (all the
<13.2 mm material mixed together). The material larger than 13.2 mm
represents a considerable fraction of the field sample but was not analyzed.
An estimate of actual chemical composition of the bulk material found in the
pond can be conservatively estimated by assuming all material >13.2 mm has a
concentration equal to the largest size analyzed 4.75 to 13.2 mm. Such
calculations are shown in Appendix A. In general, the estimated
concentrations of the bulk sediment drop by a factor between 1.1 and 2
compared to the values in the last column of Table 2. Appendix B presents



TABLE 1. Particle Size Distribution

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1FB3—-NPT-3
DATE: 4/16/92 to 4/20/92

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE 1D: BOTF93-NPT-2
DATE: 4117/92 and 4/20/92

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1F87 -NPT-1
DATE: 4/20/92

Fraction Size  Fraction Welght Fraction Welght Fraction Size  Fraction Weight Fraction Welght Fraction Slze  Fraction Weight Fraction Weight
millimeters grams percent millimeters grams percent millimeters grams percent
>80 238.48 7.73 =50 1050.08 33.12 >50 620.32 18.71
50-37.5 655.89 21.25 50-37.5 270,96 83.55 50--37.5 127.61 3.85
37.5-25 690.83 22.38 37.5-25 387.31 12.22 37.5-25 ¢7.82 27.68
25-13.2 495,57 16.06 25—-13.2 278.75 8.79 25-13.2 358.37 10.81
13.2-4.75 1563.95 4,99 13.2-4.75 244,93 7.72 13,2-4.75 174.51 £.26
4.75-2.0 206.92 6.70 4.756-2.0 125,78 3.97 4.75-2.0 138.45 4.18
2.0-0.425 556.20 18.02 2.0-0.425 488,21 15.40 2.0-0.425 812,37 24,50
0.425-0.25 47.43 1.54 0.425-0,25 145.39 4.59 0.425-0.25 28,55 0.86
0.25-0.15 21.26 0.69 0,25-0.15 57.63 1.82 0.25-0.15 44.54 1.34
0.15-0.075 12.54 0.41 0.15-0.075 46,32 1.46 0.15-0.07§ 31.62 0.95
0.075-0.045 5.38 017 0.075-0.045 28.77 0.91 0.075-0.045 22.66 0.68
<0.045 1.76 0.06 <0.045 46,51 1.47 <0.045 38.25 1.18
Total 3086.206 100 Total 3170.64 100 Total 3316.07 100

§9 Jo g abed O Ae
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TABLE 2. Chemical Data for NPT-1 Size Fractions <0.53 in.

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1F87 ~=NPT-1

DATE: 4/20/92 Fraction Size {mm)
Sum Fraction  Total ‘Bulk®
XRF 13.2-4.75 4.75-2.0 2.0-0.425 0.425-0.25 0.25-0.15 0.15-0.075 0.075-0.045 <0.045 mg ppm

Analysls

Cr (ppm) 98.00 52.90 95.00 248.00 401.00 760.00 1108.00 1311.00 116.32
Cr (myg) 15.09 10.95 52.84 11.76 852 9.53 5,96 231 116.96

Mn {ppm) 1515.00 1313.00 1486.00 964.00 969.00 1013.00 974.00 981.00 1409.76
Mn (mg) 233.23 271.69 826.51 4572 20.60 12.70 5.24 1.73 1417.42

Ni {ppm) 80.80 69.60 149.00 245.00 316.00 484,00 582.00 625.00 137.60
Ni (mg) 12.44 1440 82.87 11.62 6.72 6.07 3.13 1.10 138.35

Cu (ppm) 511.00 973.00 2430.00 5180.00 6840.00 10740.00 12870.00 14190.00 2239.37
Cu {mg) 78.67 201.33 1351.57 245.69 145.39 134.68 69.24 2497 2251.54

Zn {ppm) 113.70 113.50 133.50 111.70 11230 147.80 219.00 256.00 12573
Zn {mg) 17.50 23.49 74.25 5.30 239 1.85 1.18 0.45 126.41

Ha (ppm) 290 290 3.10 350 4.10 6.00 8.40 10.20 3.15
Hg (mg) 045 0.60 1.72 0.17 0.08 0.08 0.05 0.02 3.16

Se {ppm}) 0.91 0.89 0.92 0.83 0.83 0.84 0.84 0.85 0.90
Se (mg) 0.14 0.18 0.51 0,04 0.02 0.01 0.00 0.00 0.91

Pb (ppm) 7.20 10.80 12.30- 19.90 28.50 48.80 75.20 97.70 1285
Pb (mg) 1.1 223 6.84 0.94 0.61 0.61 0.40 0.17 12.92

As (ppm) 1.50 1.50 1.60 5.13 527 9.30 12.00 11.20 1.98
As (mg) 0.23 0.31 0.89 0.24 0.11 0.12 0.06 0.02 1.99

Sr (ppr) 271.00 350.00 313.00 330.00 328.00 315.00 294.00 271.00 315.15
Sr (mg) 41.72 7242 174.09 15.65 6.97 3.95 1.58 0.48 316.87

Zr {ppm) 176.00 225.00 330.00 1009.00 1740.00 3820.00 5670.00 6950.00 430.41
Zr (ma) 27.10 46.56 183.55 47.86 36.99 47.90 30.50 12.30 43275

Ag (ppm) 6.00 5.20 5.00 14.50 2770 63.30 100.30 135.50 7.59
Ag (mg) 0.92 1.08 278 0.69 0.59 0.79 0.54 0.24 7.63

Cd (ppm) 5.20 5.50 5.30 4.70 4.70 5.30 8.00 9.90 5.31
Cd (mg) 0.80 1.14 2.95 0.22 0.10 0.07 0.04 0.02 534

Ba (ppm) 44.60 73200 634.00 696.00 646.00 656.00 653,00 633.00 56747
Ba (mg) 6.87 151.47 352.63 33.01 13.73 8.23 s 1.11 570.56

Ce (ppm) 61.00 46.00 45.00 51.20 53.50 95.00 99,00 88.00 49.12
Ce (mg) 8.39 952 25.03 243 114 1.19 0.53 0.15 48.38

U (ppm) 33.00 35.30 123.90 387.00 586.00 1073.00 1369.00 1490.00 134.82

U (mg) 5.08 7.30 68.91 18.36 12.46 13.46 737 262 135.55

§9 40 6 8bed 0 A®Y HO-11-N3-0S-IHM
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estimates of what the residual concentration of sediment would be if all
particles smaller than a certain size fraction were removed as would occur in
soil washing.

Based on data presented in Dennison, Sherwood and Young (1989), natural
(background) soils near the 300 Area Process Ponds contain concentrations
shown in Table 3. The values shown in Table 2 show several trends. Most
trace metals {(Cr, Ni, Cu, Hg, Pb, As, Zr, Ag and U) show progressively larger
concentrations as particle size becomes smailer. The values for Cr, Ni, Cu,
Sr, Ag and U are significantly larger than the background values reported in
Dennison, Sherwood and Young (1989). Recall that our analyses do not include
the larger sized particles that 1ikely contain Tower concentrations of the
metals. Dennison, Sherwood and Young (1989) also removed material larger than
1.2 to 3.3 mm {0.05 to 0.13 in.) prior to submitting samples for analysis.
Their report does not specify which sieve was used among three designatedgin
the test plan. The analytical methods used by Dennison, Sherwood and Young
(1989) to measure the metal concentrations was concentrated nitric acid
leaching and atomic absorption or emission spectroscopy analyses. This
procedure does not guarantee that all the metal is removed from the soil.
Therefore, direct comparison of our XRF results with Dennison, Sherwood and
Young’s background sediment concentrations is not possible. '

TABLE 3. Average Concentrations of Constituents in Background Soils

na/g {ppm)
Cr 9.8+ 1.2
Mn 396 + 63
Ni 7.6 +1.0
Cu 18.4 £ 4.9
In 50.2 + 8.2
Hg <0.1
Se <0.7
Pb 5.1 £0.9
As 3.0 1.4
Sr 31 % ?38
Ir NR'®
Ag <1.0
Cd 0.5 £ 0.3
Ba 97 iRZG
Ce N
U 19 + 6 ®

(a) NR = not reported in reference

(b) based on assumming that background total alpha value is from 258
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Table 4 shows the cumulative weight percentage of each metal that is
found as the particle size increases (labeiled subtractive weight %) or as the
particle size decreases (labelled cumulative weight %). The data may be used
to estimate the total percentage of a metal that could be removed if all
particles of a certain size were removed such as can be performed by physical
separation soil washers. For example, if all particles Tess than 250 um were
removed from sample BO1F87-NPT-1 then 26.5% of the uranium would be removed
yet only 1.3% of the sediment (see Table 1) would be removed. Again this
analysis assumes that there is no uranium present on the large particles
(213.2 mm) not analyzed by XRF.

Figures 4, 5, 6, 7 and 8 show bargraphs on the concentration of Cr, Mn,
Cu, Zr and U versus particle size in sample BO1F87-NPT-1. Despite the
increasing concentrations of Cr, Cu, U and Zr as particle size decreases, the
bulk of these metals are found in the coarse sand (2425 um) and Targer sized
particles because the particle size distribution of this sediment is
predominately larger than 425 pum. This fact is not important as long as the
clean-up criteria are based solely on concentration remaining in the coarse
"tatlings" to be returned to the excavated site.

Table 5 presents the gamma-ray data for %Co and ™’Cs. A1l the
subsamples show below detection 1imit or very close to detection 1imit values
of 0.1 pCi/g concentrations. Only the 425 to 2000 um size fraction show “
sTightly above detection Timit Tevels of both ¥’Cs and ®°Co.

Table 6 shows the gamma analyses for uranium, the ratio between 2385 and
2%y activity, and a comparison between the XRF chemical data for U and the
28 converted to mass data, for sediment sample BOIF87-NPT-1. Raw counting
data including calculated standard deviations are shown in Appendix D.

As discussed previously for chemical data, the ®®U activity consistently
increases as the particle size decreases. The average 28U/ activity ratio
is 14.2 which is enriched in #° versus natural ore. Besides natural
uranium, fuel with 0.95% 2% (activity ratio 16.2) and 1.25% 2%y (activity
ratio 12.3) were fabricated in facilities that released waste to the ponds.
The average activity ratio of 14.2 falls between the two enrichments which is
plausible for a mixture of fuel types. The XRF chemical data for U on the
smaller size fractions agrees fairly well with the gamma scan data suggesting
that the 2**Th activity data used to estimate 2%%U content is reasonable. Data
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in Table 6 show that 2®U activities on the rock-sized particles above 13.2 mm
are in fact lTow and represent only 5.4% of the total activity in the bulk
sample. Removal of all particies smaller than 250 um would remove 24.2% of
the 2% activity present in the bulk soil. This number compares with the
value of 26.5% based on chemical analysis from the XRF data that ignores any U
contribution of larger rocks.

Tables 7 and 8 1ist the XRF chemical data and Figures 9-14 show the
concentration per particle size for selected metals in sediment sample BO1F93-
NPT-2. The trends are quite similar to those for sediment sample BO1F87-NPT-
1. The chemical data show the same elevated concentrations for the metals Cr,
Ni, Cu, Sr, Ag, and U compared to background values. The Cu, U and Zr
concentrations of the bulk sample are lower than for sample BO1F87-NPT-1.
Using the XRF data, if all particles less than 250 um were removed then 66.2%
of the uranium would be removed while only 5.7% of the sediment mass would be
removed. Appendices A and B present more calculations on the concentrations
of contaminants in the field sampies and the expected concentrations left in
tailings if fine particles are removed.

Tables 9 and 10 present the radionuclide data. Again there is very
Tittle indication of the presence of *°Co and ¥’Cs in the sediments. Only the
size fraction 250 to 425 um shows measurable %%Co and “Cs present together.
Table 10 shows 2°8U activity increases faily consistently as the particle size
drops. The overall average activity ratio for 2%U/%% is 15.9 showing
slightly less enrichment than sample BOIF87-NPT-1. The *®U data converted to
a mass basis agrees fairly well with the XRF data for uranium. The
radionuclide data suggest that 57.3% of the uranium could be removed if all
particles less than 250 um were removed. This compares with the value 66.2%
based on XRF data that assumes that the larger rocks do not contain any
uranium. The radionuclide data suggest that rocks >13.2 mm contain 4.8% of
the total U.

Tabtes 11 and 12 present the XRF chemical data for sample BO1FB3-NPT-3.
The Cu and Zr concentrations are intermediate compared to the other two
sediments and the U content is lower. The chemical data suggest that 44.5% of
the uranium would be removed if all particles smaller than 250 um were
removed. This would represent only 4.2% by weight of the bulk sediment.
Figures 15-20 show the concentration distribution of selected contaminants
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300 AREA NORTH PONDS SDIL ANALYSIS
SAMPLE ID: BO1F87-NPT-1

DATE: 4/20/92

Cr {mg)
Mn {mg)
Ni (mg)
Cu (ma)
Zn {mg)
Hg (mg)
Se (mg)
Pb (mg)
As (mg)
Sr(mg)
Zr (mg)
Ag (mg)
Cd (mg)
Ba (mg)
Ce (mg)

U (mg)

Cumulative Weight %
Subtractive Weight %
Cumulative Welght %
Subtractive Welght %
Cumulative Weight %
Subtractive Weight %
Cumuiative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulativa Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractiva Welght %
Cumulative Weight %
Subtractive Waight %
Cumulative Weight %
Subtractive Weight %
Cumulative Walght %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Welight %
Cumulative Weight %
Subtractive Waeight %
Cumulative Weight %
Subtractive Weight %

13.2--4.75

12.90
100.00
16.45
100.00
8.99
100.00
3.49
100.00
13.85
100.00
14.12
100.00
15.40
100.00
8.58
100.00
11.62
100.00
13.17
100.00
6.26
100.00
12.11
100.00
15,00
100.00
1.20
100.00
19.02
100.00
3.76
100.00

4,75-2.0

22.26
87.10
35.62
83.55
19.40
91.01
12.44
96.51
32.43
86.15
33.09
85.88
35.65
B4.60
25.87
91.42
27.24
88.38
36.02
86.83
17.02
93.74
26.21
87.89
36.33
85.00
27.75
98.80
38.29
80.98

9.14
96.25

2.0~0.425

67.44
77.74
93.93
64.38
79.30
80.60
72.46
87.56
91.47
67.57
87.62
66.91
91.91
64.35
78,81
74.13
72.01
72,76
90.96
63.98
59.43
82.98
62.66
73.79
91.57
63.67
89.56
72.25
88.98
61.71
59.98
90.86

43
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Cumulative Weight % for Chemicals in NPT-1

Fraction Size (mm)

0.425-0.25

77.49
32.56
97.16

6.07
87.70
20,70
83.38
27.54
95.36

8.83
92.87
12.38
96.24

8.09
86.12
21.19
84.26
27.99
95.90

9.04
70.49
40,57
71.68
37.34
95.75

8.43
95.34
10.45
93.89
11.02
73,52
40.02

0.25-0.15

84.78
22,51
98.61

2.84
92.55
12.30
89.83
16.62
97.25

4.64
95.62

7.13
98.18

3.786
90.80
13.88
89.89
15.74
98.10

4.10
79.04
29,51
79.40
28.32
97.62

4.25
97.75

4.66
96.20

6.11
82,71
26.48

0.15-0.075

9293
15.22
99,51
1.39
96.94
7.45
95.82
10.17
98.71
2,75
98.00
4.38
99,34
1.82
95.54
9.20
85,76
10.11
99,35
1.90
90.11
20.96
$9.80
20.60
98.87
2.38
99,19
2,25
98.61
3.80
92.63
17.29

0.075-0.045

98.03
7.07
99.88
0.49
98.20
3.06
98.89
4.18
99.64
1.29
99.43
2.00
99.84
0.66
98.67
4.46
99.01
4.24
99.85
0.65
97.16
9.89
96.87
10.20
99.67
1.13
99.80
0.81
99.69
1.39
98.07
7.37

<0.045

100.00
1.97
100,00
0.12
100,00
0.80
100.00
1.11
100.00
0.36
100.00
0.57
100.00
0.16
100.00
1.33
100.00
0.99
100.00
0.15
100.00
2.84
100.00
313 |
100.00 |
0.33 %
100.00
0.20
100.00
0.31 1
100,00 ;
1.93 !

gg 4o €I abed O A3y 690-I1-N3-0GS-IHM
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300 AREA NORTH PONDS SOILS ANALYSIS
BO1F87—NPT—-1 Cr Concentration
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FIGURE 4. Cr Mass in Sediment NPT-1 as a Function of Particle Size
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300 AREA NORTH PONDS SOILS ANALYSIS
BO1F87—NPT—-1 Mn Concentration
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FIGURE 5. Mn Mass in Sediment NPT-1 as a Function of Particle Size
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300 AREA NORTH PONDS SOILS ANALYSIS
BO1F87—~NPT—1 Cu Concentration
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FIGURE 6. Cu Mass in Sediment NPT-1 as a Function of Particle Size
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300 AREA NORTH PONDS SOILS ANALYSIS
BO1F87—NPT—-1 Zr Concentration
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FIGURE 7. JZr Mass in Sediment NPT-1 as a Function of Particle Size
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300 AREA NORTH PONDS SOILS ANALYSIS
BO1F87—NPT—1 U Concentration
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FIGURE 8. U Mass in Sediment NPT-1 as a Functjon of Particle Size
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300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1F87~NPT—~1

DATE: 4/20/92

Gamma Scan Analysis Parameters

TABLE 5.
Co-80 Cs—137
Efficiancy 0.0032 0.0068
Abundance 0.9999 0.8500
dpm/uCl 2.22E+06 2.22E406
MDA {uCifgm) 1.00E~07 1.00E--07
Sample Fraction Fraction Sample
Number Size {mm) Weight (am)  Weight {om)
1 >50 238.48 238.49
2 50-375 655,89 209.37
3 37.5-25 690.83 8277
4 25-13.2 49557 36.38
5 13.2-4.76 153.95 2272
6 4.75-20 206.92 12.89
7 2.0-0425 556.20 10.08
8 0.425-0.25 47.43 11.02
9 0.25-0.15 21.26 11.04
10 0.15-0.075 12.54 11.04
i1 0.075--0.045 5.38 473
i2 <0.045 1.76 1.25
Sample Fraction Fraction Sample
Number Size (mm) Weight {om)  Weight (om)
1 >50 238.48 238.49
2 50--37.5 655.89 209.37
3 37.5-25 690.83 82.77
4 25-13.2 495,57 36.38
5 13.2-4.75 163.85 22.72
6 475-2.0 20692 12.89
7 2.0-0.425 556,20 10.08
8 0.425-0.25 47.43 11.02
9 0.25-0.15 21.26 11.04
10 0.15-0.075 12.54 11.01
11 0.075-0.045 5.38 4.73
12 <0.045 1.76 1.25

80co and Y(s

Co—60
1173 dps

—<MDA~-
—<MDA-
—<MDA-
—<MDA-
~<MDA-
—<MDA-
7.70E-04
-<MDA-
—<MDA~
—<MDA-
—<MDA-
—<MDA~

Cs—137
662 dps

~-<MDA—~
4.67E-03
2.83E-03
—-<MDA~
—<MDA-
—<MDA-
1.60E-03
—<MDA-
—<MDA-
—<MDA~
—<MDA-
—<MDA~

360028

Activity for NPT-1 Size Fractions

Co-60
1332 dps

-<MDA-
—-<MDA-
—<MDA~
~<MDA~
—<MDA-
—~<MDA-
8.04E-04
—<MDA-
—-<MDA-
—<MDA~
—-<MDA-
-<MDA-

Co-60
Ave dps

—-<MDA~
- <MDA-
—<MDA—
~<MDA-
—~<MDA~
—<MDA-
7.87E-04
—<MDA~
—-<MDA-
—<MDA-
—<MDA-
- <MDA-

Corr, dps
—-<MDA-

- —<MDA-

—<MDA~-
—<MDA-
—<MDA-
—<MDA~
2.46E-01
-~ <MDA~-
—<MDA-
—<MDA—
~<MDA~
~<MDA~

Corr. dps

—-<MDA~
8.08E—01
4.90E-01

—<MDA—

—<MDA—

-<MDA-
2.77E-01

- <MDA-

—<MDA—

—-<MDA-

~<MDA~

—<MDA--

Sample
uCi

- <MDA-
-<MDA—
—<MDA~
- <MDA—~
—<MDA~
—<MDA—
6.65E-06
—<MDA—-
- <MDA~-
—~<MDA~-
~<MDA-
—<MDA-

Sample
uCi

—<MDA-
2.18E—-05
1.32E-05

—<MDA-

—~<MDA-~

—<MDA—-
7.48E~06

—<NMDA-

—<MDBA—

- <MDA—

—<MDA—-

-<MDA—

Sample
uCifgm

1.00E-07
1.00E-07
1.00E-07
1.00E—-07

1.00E-07

1.00E~-07
6.60E~-07
1.00E~07
1.00E-07
1.00E-07

1.00E-07

1.00E-07

Sample
uCifgm

1.00E-07
1.04E~-07
1.60E-07
1.00E-07
1.00E-07
1.00E~-07
7.42E-07
1.00E~-07
1.00E-07
1.00E~07
1.00E-07
1.00E~07

Fraction
uCl

2.38E-05
6.56E-05
691E-05
4.96E-05
1.54E-05
2.07E-08
3.67E-04
4.74E-086
2,13E-06
1.25E-086
5.38E~-07
1.76E-07

Fraction
uCi

2.38E--05
6.84E-05
1.10E~-04
4.96E-05
1.54E~05
2.07E-05
4.13E-04
4.74E-06

2.13E-06 .

1.256-086
 5.38E-07
1.76E-07

G9 J0 61 ®bed O A3Y 640-1L-NI-QS-IHM




300 AREA NORTH PONDS SOIL ANALYSIS

SAMPLE ID: BO1F87—-NPT—1
DATE: 4/20/92

Gamma Scan Analysis Parameters

Fraction
Size (mm)

>50
50-37.5
37.5-25
25-13.2
13.2—4.75
4.75-2.0
2.0-0.425
0.425-0.25
0.25-0.15
0.15-0.075
0.075—-0.045
<0.045

MO DOND A WN =

Average
Standard Deviation

TABLE 6.

Fraction

Weight (gm)

238.48
655.89
690.83
495.57
1563.85
206.92
556.20
47.43
21.26
12.54
5.38
1.76

$315.0030

238 and % Activity for NPT-1 Size Fraction

U-238
(as Th—234)
uCifgm

4.84E-07
3.94E-07
2.01E—-06
2.11E-06
9.09E-06
1.84E-05
4.51E~—08
1.38E—04
1.95E—-04
3.84E-04
4.93E~-04
5.92E—-04

U-238
Fraction

uCi

1.15E-04
2.59E—-04
1.39E-03
1.04E-03
1.40E~03
3.80E-03
2.51E-02
6.54E--03
4.15E—-03
4.82E-03
2.65E-03
1.04E-03

Comparison of XRF Uranium Analysis to U—238 Gamma Scan Analysis

Fraction
Size (mm)

13.2—-4,75
4.75-2.0
2.0-0.425
0.425--0.25
0.25-0.15
0.15-0.075
0.075-0.045
<0.045

NooCODNO WO

XRF
Uranium

ppm

33.00
35.30
123.80
387.00
586.00
1073.00
1369.00
1420.00

Gamma Scan
U-238

ppm

27.31
85.17
135.38
413.81
586.49
1154.35

1778.68

1479.28 '

U-235
uCi/gm

4.08E-08
6.18E-08
2.13E-07
2.75E-07
3.62E-07
1.29E-06
2.95E-06
1.02E-05
1.47E—05
2.30E-05
2.65E-05
3.41E-05

U-—-235
Fraction
uCi

9.73E-06
4.05E—-05
1.47E-04
1.36E—-04
5.42E—-05
2.67E-04
1.64E-03
4.83E-04
3.12E~04
2.89E~-04
1.42E-04
6.00E—05

Ratio
U-238/U-235

11.86
6.38
9.45
7.66

25.83

14.24

15.30

13.54

13.29

16.71

18.60

17.37

14.19
5.27
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TABLE 7.
300 AREA NORTH PONDS SOIi. ANALYSIS
SAMPLE [D: BO1F93~NPT--2
DATE: 4/17/92 and 4/20/92
XAF 13.2—-4.75 4.75-2.0
Analysis
Cr{ppm) 25.50 25.00
Cr(mg) 8.25 3.14
Mn (ppm) 617.00 1561.00
Mn (mg) 151.12 196.34
Ni (ppm) 36.20 51.77
Ni {mg) 8.87 6.51
Cu {ppm) 101.20 75.00
Cu {mg) 24.79 9.43
Zn (ppm) 38.70 133.40
Zn (mg) 9,48 16.78
Hg (ppm) 2.20 3.10
Hg (mg) 0.54 0.39
Se (ppm) 0.71 0,92
Se {mg) 0.17 0.12
Pb {ppm) 10.30 12.40
Pb (mg) 2.62 1.56
As {ppm) 1.46 1.60
As {mg) 0.36 0.20
Sr (ppm} 417.00 318.00
Sr (mg) 102.14 40.00
Zr (ppm} 111.10 209.00
Zr {mg) 27.21 26.29
Ag (ppm) 4,40 4.90
Ag (mg) 1.08 0.62
Cd (ppm) 4.80 5.10
Cd {mg) 1.18 0.64
Ba (ppm) 136.70 761.00
Ba (mg) 33.48 95.72
Ce {ppm) 18.70 53.70
Ce (mg) 4.58 6.75
U {ppm) 5.10 6.70
U (mg) 1.25 0.84

SHEIL.003

Chemical Data for NPT-2 Size Fractions <0.53 in.

Fraction Size (mm)

2.0—-0.425 0.425-0.25 0.25-0.15
88.00 144.00 282.00
42.96 20.94 16.83
1342.00 1069.00 849.00
655.18 156.42 48.93
56.50 69.70 117.10
27.58 10.13 6.75
134.90 285.00 560,00
65.86 41.44 32,27
121.50 111.30 156.60
59,32 16.18 9.02
2.90 2.70 2.80
1.42 0.39 0.16
0.91 0.83 0.82
0.44 o.12 0.05
15.60 22.70 36.80
7.62 3.20 212
2.60 3.70 5.09
1.27 0.54 0.29
378.00 409.00 410,00
184.54 59.46 23.63
180.00 197.00 284.00
87.88 28.64 16.37
15.70 43.00 106.80
7.66 6.25 6.15
5.10 5.20 5.80
2.49 0.76 0.33
649.00 725,00 774.00
316.85 105.41 44.61
40.20 62.80 69.00
19.63 9.13 3.98
39.80 108.6¢ 272.00
19.43 15.79 15.68

0.15-0.075

387.00
17.93
780.00
36.13

! 147.00
6.81
742.00
34.37
165,80
7.22
6.50
0.30
0.85
0.04
44.90
2.08
6.90
0.32
418.00
19.36
352.00
16.30
135,40
6.27
5.50
0.25
780,00
36.13
§0.00
2.32
357.00
16.54

0.075~0.045

469.00
13:49
760,00
21.87
187.00
5.38
947.00
27.25
172.40
‘ 4.96
7.30
0.21
0.95
0.03
56.20
1.62
9.20
0.26
412.00
11.85
446.00
12.83
170.70
4.91
B.20
0.24
769.00
22.12
50.00
1.44
454.00
13.06

<0.045

639.00
20,72
836.00
38.88
290.00
13.49
1216.00
56.56
215.00
10.00
16.10
0.47
1.13
0.05
73.40
3.41
8.10
0.38
409,00
19.02
456.00
21.21
253.00
11.77
6.80
0.32
914.00
42.51
39.00
1.81
598.00
27.81

Sum Fraction
mg

151.26
1303.87
85.52
291.96
132,96
3.88
1.02
24.23
3.62
460.01
236.73
44.72
6.20
696.83
49.64

110.40

Total "Bulk"
ppm

127.80
1101.67
72.26
246.68
112.34
3.28
0.86
20.47
3.06
388.67
200.02
37.78
5.24
588.76
41.94

93.28
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300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1F93-NPT~2
DATE: 4/17/92 and 4/20/92

Cr {mg)
Mn {mg)
Ni (mg)
Cu (mg)
Zn {mg)
Hg (mg)
Se (mg)
Pb (mg)
As (mg)
Sr (mg)
Zr (mg)
Ag (mg)
Cd (mq)
Ba (mg)
Ce (mg)

U (mg)

Curulative Welght %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulative Welght %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Welght %
Cumulative Weight %
Subtractive Welght %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Welght %
Cumulative Weight %
Subtractive Welght %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subfractive Welght %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Welght %
Cumuiative Weight %
Subtractive Weight %

Cumulative Weight % -

Subtractive Weight %

TABLE 8.
13.2-4.75 4.75-2.0

4.13 6.21
100.00 95.87
11.59 26.65
100.00 88.41
10.37 17.98
100.00 89.63
8.49 11.72
100.00 91.51
7.18 19.75
100.00 92.87
13.89 23.94
100.00 86.11
17.03 28.36
100.00 82.97
10.41 16.85
100.00 89.59
9.88 15.44
100.00 90.12
22.20 30.90
100.00 77.80
11.49 22.60
100.00 88.51
241 3.79
100.00 87.59
18.95 29.29
100.00 81.05
4.80 18.54
100.00 95.20
9.23 2284
100.00 90.77
1.13 1.89
100.00 98.87

2.0-0.425

34.61
93.79
76.90
73.35
50.24
82.02
34.28
88.28
64.36
80.25
60.44
76.06
71.87
71.64
48.28
83.15
50.50
84.56
71.02
69.10
59.72
77.40
20.93
96.21
69.42
70,71
64.01
81.46
62.38
77.16
19.50
98.11

3160032

Fraction Size (mm)

0.425-0.25

48.45
65.39
88.82
23.10
62.08
49.76
48.47
65.72
76.53
35.64
70.56
39.56
83.69
28.13
61.90
51.72
65.35
49.50
83.94
28.98
71.82
40.28
34.91
79.07
81.61
30.58
79.14
35.99
80.77
37.62
33.80
80.50

0.25-0.15

5§9.58
51.565
92.57
11.18
69.98
37.92
59.52
51.53
83.32
23.47
74.72
29.44
88.32
16.31
70.65
38.10
73.46
34.65
89.08
16.06
78.73
28.18
48.68
65.09
86.99
18.39
85.54
20.86
88.78
19.23
48,00
66.20

Cumulative Weight % for Chemicals in NPT-2

0.15-0.075

71.43
40.42
95.34

743
77.94
30.02
71.30
40,48
88.75
16.68
82.48
25.28
92.18
11.68
79.24
29.35
82.28
26.54
93.29
10.92
85.62
21.27
62.70
51.32
91.10
13.01
90.72
14.46
93.45
11.22
62.98
52.00

0.075-0.045

80.35
28.57
97.02

4.66
84.23
22.06

80.63 .

28.70
92.48
11.25
87.89
17.52
94.85

7.82
85.91
20.76
89.59
17.72
95.86

6.71
91.04
14.38
73.68
37.30
94.90

8.90
93.90

9.28
96,35

6.55
74.81
37.02

<0.043

100.00
19.65
100.00
2.98
100.00
168,77
100.00
19.37
100.00
7.52
100.00
12.11
100.00
5.15
100.00
14.09
100.00
10.41
100.00
4.14
100.00
8.96
100.00
26.32
100.00
5.10
100.00
6.1¢
100.00
3.65
100.00
2519
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Fraction Cr Concentration (ppm)
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300 AREA NORTH PONDS SOILS ANALYSIS
BO1F93—-NPT -2 Cr Concentration
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fIGURE 9. Cr Mass in Sediment NPT-2 as a Function of Particle Size
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Fraction Mn Concentration (ppm)
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300 AREA NORTH PONDS SOILS ANALYSIS

BO1F93—NPT-2 Mn Concentration
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FIGURE 10. Mn Mass in Sediment NPT~2.as a Function of Particle Size
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300 AREA NORTH PONDS SOILS ANALYSIS
BO1F93—-NPT -2 Cu Concentration
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Fraction Zn Concentration (ppm)

300 AREA NORTH PONDS SOILS ANALYSIS
BO1F93—NPT—2 Zn Conceniration

>
00 0.0 04 0. 0. 0.4
IERIES B
000009 000 0.0 ¢
132-475 4,75-2.0 2.0-0425 0.425—-025 0.25-0.15 0.15-0.075 0.075-0.045 <0.045

Fraction Size (mm)

FIGURE 12. In Mass in Sediment NPT-2 as a Function of Particle Size
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Fraction Zr Concentration (ppm)
g
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300 AREA NORTH PONDS SOILS ANALYSIS
BO1F93—NPT -2 Zr Concentration
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FIGURE 13. Zr Mass in Sediment NPT-2 as a Funciion of Particle Size
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Fraction U Concentration (ppm)
2

MG

300 AREA NORTH PONDS SOILS ANALYSIS
BO1F93~NPT-2 U Concentration
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300 AREA NORTH PONDS SOIL ANALYSIS

SAMPLE ID: BO1F93~NPT-2

DATE: 4/17/92 and 4/20/92
Gamma Scan Analysls Parameters

Effictency
Abundance
dpm/uCt

MDA (uCifgm)

Sample
Nurmber

WWNHO BN

-
N -

Sample
Number

PaDORNG YW

Co-60

0.0032
0.9999
2.226+06
1.00E-07

Fraction
Size {(mm)

=50
50-37.5
37.5-25
25-13.2
13.2-4.75
4.75-20
20-0.425
0.425-0.25
0.25-0.15
0.15-0.075
0.075-0.045
<0.045

Fraction
Size {(mm)

>50
50-37.5
375-25
25—-13.2
13.2—-4.75
475-20
2.0-0.425
0.425-0.25
0.25-0.15
0.15-0.075
0.075-0.045
<0.045

Cs—-137

0.0068
0.8500
2.22E+06
1.00E--07

Fraction
Weight {om)

1050.08
270.96
387.31
278.75
24493
125.78
488.21
145.39

§7.63
46.32
28.77
46.51

Fraction
Weight (gm)

1050.08
270.98
387.31
278.75
244.93
125.78
488.21
145.39

57.63
46.32
28.77
46.51

TABLE 9.

Sample
Waight {am)

371.47
143.50
68.12
33.01
2298
12.84
10,00
11.02
11.04
11.03
1097
10.95

Sample
Weight (gm)

371.47
143.50
68.12
33.01
2298
12.84
10.00
11.02
11.04
11.03
11097
10.95

Co-60
1173 dps

—<MDA-
—<MDA-
—-<MDA-
—<MDA-
—<MDA-
—-<MDA-
—~-<MDA~
9.18E-04
—-<MDA-
~<MDA-
~<MDA-
-<MDA-

Cs—-137
662 dps

~<MDA-
3.54E-03
- <MDA-
—<MDA-
—~<MDA~
—<MDA-
—-<MDA-
1.85E-03
571E-03
—-<MDA-
—<MDA-
—~<MDA-

Co—-60
1332 dps

—-<MDA—-
-<MDA—
~<MDA~-
—-<MDA—
-<MDA-
—-<MDA—
—<MDA~—
6.45E--04
—<MDA—
—-<MDA—-
—<MDA-
—<MDA-

Co-60
Avedps

—-<MDA—~
—-<MDA-
—<MDA~
—-<MDA~
—-<MDA-
—<MDA-
—<MDA~-
7.82E-04
—<MDA~
—<MDA-
—<MDA-
-<MDA-

Corr. dps

—-<MDA~
—<MDA-
—~<MDA~
—-<MDA~
—<MDA-
—-<MDA-
- <MDA-
244E-01
—<MDA--
—<MDA-
—<MDA-
—-<MDA-

Corr. dps

—<MDA-
6.12E-01

© —<MDA-

—-<MDA-
~<MDA—
—<MDA-
—~<MDA-
3.20E-01%
9.88E—-01
-<MDA—-

—<MDA-

—~-<MDA--

o and '¥'Cs Activity for NPT-2 Size Fractions

Sample
uCi

—<MDA~
—-<MDA—~
—<MDA-
~<MDA--
—<MDA~
—<MDA~
—<MDA-
6.60E—06
~<MDA~
—<MDA-
—<MDA—
—<MDA-

Sample
uCl

—<MDA-
1.66E-05
—<MDA-
—-<MDA-
—<MDA~
—<MDA—-
—<MDA~
8.65E-06
2.67E-05
—-<MDA-
—<MDA-
—<MDA-

Sample
uCifgm

1.00E-07
1.00E—07
1.00E-07
1.00E-07
1.00E-07
1.00E-07
1.60E-07
5.99E-07
1.00E-07
1.00E~07
1.C0E-~07
1.00E-07

Sample

uGifgm

1.00E-07
1.15E~-07
1.00E--07
1.00E-07
1.00e-07
1.00E-07
1.00E-07
7.85E~07
242E-06
1.00E-07
1.00E-07
1.00E-07

Fraction
uCi

1.05E-04
2.71E-05
3.87E-05
2.78E-05
2.456-05
1.26E—-05
4.8BE-05
8.71E-05
5.76E-08
4.63E-06
2.88E~06
4,65E~06

Fraction
uCi

1.05E--04
3.13E~05
3.87E-05
2,79E—-05
2.45E—05
1.26E-05
4.88E—05
1.14E—04
1.39E-04
4,63E-06
2.88E—06
4.65E-06-
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300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE iD: BO1F93—-NPT-2
DATE: 4/17/92 and 4/20/92

TABLE 10. %% and U Activity for NPT-2 Size Fractions
Gamma Scan Analysis Parameters
U--238 U-238 U-235
Fraction Fraction {as Th—234) Fraction U-—-235 Fraction
Size (mm) Weight (gm) uCifgm uCi uCifgm uCt
1 >50 1050.08 2.54E-07 2.67E-04 1.58E-08 1.66E—05
2 50-37.5 27096 5.76E 07 1.56E—04 7.65E-08 2.07E~05
3 37.5-25 387.31 2.74E-06 1.06E--03 1.13E-07 4.37E-05
4 25—13.2 278.75 1.10E-06 3.05E--04 1.17E-07 3.27E—-05
5 13.2—4.75 244.93 1.39E-06 3.39E—-04 291E-07 7.12E-05
6 4,75-2.0 125.78 1.41E-05 1.77E-03 1.13E-06 1.42E—-04
7 2.0-0.425 488.21 1.55E-05 7.56E—-03 1.02E-06 4.96E-04
8 0.425-0.25 145.39 5.19E--05 7.55E~03 3.05E —-06 4.44E—04
g 0.25-0.15 57.63 1.05E~04 6.05E—~-03 5.076-06 2.92E-04
10 0.15-0.075 46,32 1.58E—-04 7.31E-03 6.69E—-06 3.10E-04
11 0.075-0.045 28.77 1.51E-04 4,36E—-03 7.99E-06 2.30E-04
12 <0.045 46,51 1.67E—04 7.77E-03 8.0SE—-06 3.76E~04
Average

Standard Deviation

Comparison of XRF Uranium Analysis to U—-238 Gamma Scan Analysis

XRF Gamma Scan
Fraction Uranium u-238
Size (mm) ppm ppm

5 13.2—-4.75 510 4,16
6 4.75-2.0 6.70 42.28
7 2.0-0.425 39.80 46.52
8 0.425-0.25 108.60 155,92
9 0.25-0.15 272.00 315,32
10 0.15—-0.075 357.00 473.87
11 0.075—0.045 454.00 454,65 1
12 <0.045 598.00 501.50

Ratio
U-238/U-235

16.12

7.52
24.26

9.33

4.77
12.47
16.256
17.01
20.71
23.60
18.95
20.65

15.89

6.29 -
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IABLE 11. Chemical Data for NPT-3 Size Fractions <0.53 in.

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1FB3—NPT-3

DATE: 4/16/92 to 4/20/92 Fraction Size (mm)
Sum Fraction  Total "Bulk*
XRF 13.2-4.75 475-20 2.0-0.425 0.425-0.25 0.25-0.15 0.15-0.075 0.075-0.045 <0.045 mg ppm

Analysis

Cr {ppm) §0.00 46.10 63.00 129.00 144.00 237.00 387.00 916.00 99.54
Cr {ma) 873 6.38 51.18 368 6.41 749 8.77 35.95 128.60

Mn {ppm) 1406.00 5090.00 1614.00 3010.00 2950.00 2920.00 2700.00 2500.00 2113.24
Mn (mg) 245.36 704.71 1311.17 85.94 131.39 9233 61.18 98.13 2730.20

Nl (ppm) 51.20 48.70 71.10 12740 172.00 23200 279.00 460.00 90.13
Ni (mg) 8.93 6,74 57.76 3.64 7.66 7.34 6.32 18,06 116.45

Cu (ppm) 188,00 124.30 856.00 1740.00 242000 3290.00 3670,00 4630.00 984.40
Cu (mg) 32.81 17.21 695,39 49.68 107.79 104.03 83.16 181,73 1271.79

Zn (ppm) 137.40 87.30 140.80 13260 15220 180.90 183.00 240.00 139.73
Zn (mg) 23.98 12.09 114.38 3.79 6.78 572 437 9.42 18052

Hg (ppm) 2.80 2.50 3,00 270 2,60 290 4.80 6.80 3.04
Hg {mg) 0.49 0.35 2.44 0.08 0.12 0.09 0.1 0.27 3.93

Se (ppm) 0.86 0.83 0.91 0.81 0.77 1.40 0.77 0.81 0.89
Se (mg) 0.15 0.1 0.74 0.02 0.03 0.04 0.02 0.03 1,16

Pb (ppm) 8.50 15.30 12.50 20,70 25.40 31.90 38.60 53.50 15.06
Pb {mg) 1.48 212 10.15 0.59 1.13 1.01 0.87 2,10 19.46

As (ppm) 1.40 4,11 352 6.80 8,52 9.60 9.90 13.70 4.11
As (mg) 0.24 0.57 2.86 0.19 0.38 0.30 0.22 0.54 5.31

St (ppm) 463.00 295.00 322.00 303.00 290.00 270.00 257.00 236.00 331.60
Sr {mg) 80.80 40.84 261.58 8.65 12.92 8.54 582 9.26 42842

Zr (ppm) 174.00 208.00 227.00 51200 644.00 841.00 964.00 1387.00 301.67
Zr (mg) 30.36 28.80 184.41 14.62 28,68 26.59 21.84 54.44 389.75

Ag {ppm) 6.30 5.80 6.70 17.20 32.90 42.20 58.70 89.80 11.99
Ag {mg) 1.10 0.80 5.44 0.49 1.47 1.33 1.33 352 15.49

Cd (ppm} 5.60 5.90 5.00 5.60 5.50 5.50 5.50 5.20 5.24
Cd (ma) 0.98 0.82 406 0.16 0.24 0.17 0.12 0.20 6.76 .

Ba (ppm) 586.00 1094.00 686.00 919.00 1028.00 1001.00 977.00 948.00 755.28
Ba (mg} 104.01 151.46 557.29 26,24 45.79 31.65 22.14 37.21 975.78

Ce (ppm) 77.00 84.00 52.20 51.00 70,00 £9.10 68.00 85.00 60.99
Ce (mg) 1344 11.63 42.41 146 3.12 1.87 1.54 3.34 78.79

U (ppm) 13.10 8.00 17.10 53.80 75.40 100.10 106,80 157.00 26.26

U (mag) 2.29 1.11 13.89 1.54 3.36 3.17 242 6.16 33.93
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FIGURE 15. Cr Mass in Sediment NPT-3 as a Function of Particle Size .
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300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE 10: BO1FB3—~NPT-3
DATE: 4/16/92 1o 4/20/92

Cr (mg)
Mn (mg)
Ni (ma)
Cu {mg)
Zn (mg)
Hg (mg)
Se (mg)
Pb (mg}
As (mg)
Sr{mg)
Zr (mg}
Ag (mg)
Cd {mg)
Ba (mag)
Ce (mg)

U (mg)

Cumulative Weight %
Subtractive Waight %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtraclive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulativa Weight %
Subtractive Weight %
Cumulative Weight %
Subftractive Welght %
Cumutative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Weaight %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %
Cumutative Weight %
Subtractive Weight %
Cumulative Welght %
Subtractive Weight %
Cumulative Weight %
Subtractive Welght %
Cumutative Weight %
Subtractive Weight %
Cumulative Weight %
Subtractive Weight %

TABLE 12.
13.2-4.75 4.75-2.0

6.78 11.75
100.00 93.22
8.99 34.80
100.00 91.01
7.67 13.46
100.00 92.33
2.58 3.93
100.00 97.42
13.28 19.98
100.00 86.72
12.43 21.23
100.00 87.57
12.99 22,94
100.00 87.01
7.62 18.51
100,00 92.38
4.60 15.31
100.00 95.40
18.86 28.39
100.00 81.14
7.79 15.18
100.00 92.21
7.10 12.28
100.00 92.50
14.45 26.53
100.00 85.56
10.66 26.18
100.00 89.34
17.05 31.81
100.00 82.95
6.74 10.00
100.00 93.26

2.0-0.425

51.55
88.256
82.82
65.20
63.06
86.54
58.61
96.07
83.34
80.02
83.21
78.77
86.93
77.06
70.68
81.49
69.14
84.69
89.45
71.61
62.49
84.82
47.42
87.72
86.58
73.47
83.29
73.82
85.63
68.19
50.95
90.00

30450043

Fraction Size {mm)

0.425-0.25

54.41
48.45
85.97
17.18
66.19
36.94
62.52
41.39
85.44
16.66
85.17
16.79
88.94
13.07
73.72
29.32
72,80
30.86
91.47
10.55
66.24
37.51
50.59
52.58
88.95
13.42
85.98
16.71
87.48
14.37
55.48
49.05

0.25-0.15

59.40
45.59
80.78
14.03
7277
33.81
70.99
37.48
89.19
14.56
88.11
14.83
91.91
11.06
79.53
26.28
79.94
27.20
94.49

8.53
73.60
33.76
60.05
49.41
92.57
11.05
80.67
14.02
91.44
12.52
65.37
44.52

Cumulative Weight % for Chemicals in NPT-3

0.15~-0.075

65.22
40.60
94.17

9.22
79.07
27.23
79.17
29.01
92.36
10.81
90.45
11.89
95.74

8.09
84.72
20.47
85.65
20.06
96.48

5.51
80.43
26.40
68,66
39.95
95.14

7.43
93.92

9.33
93.81

8.56
74.70
34.63

0.075-0.045

72.04
34.78
96.41

5.83
84.50
20.93
85.71

20.83 -

94.78

7.64
93.21

9.55
97.25

4.26
89.21
15.28
89.88
14.35
97.84

3.52
86.03
19,57
77.25
31.34
96.98

4.86
96.19

6.08
95.77

6.19
81.84
25.30

<0.045

100.00
27.96
100.00
3.59
100.00
15.50
100.00
14.29
100.00
5.00
100.00
6.79
100.00
2.75 £
100.00 &3
10.79 v
100.00 ©
10.12 2
100.00 4
2.16 "
100.00 Q
13.97 ©
100.00
22.75 ?5
100.00
3.02 ©
100,00 -5
3.81 8
100.00
423 &
100.00
18.16

h
(8]
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‘FIGURE 16. Mn Mass in Sediment NPT-3 as a Function of Particle Size
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FIGURE_17. Cu Mass in Sediment NPT-3 as a Function of Partic]‘e Size
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FIGURE 18. Zn Mass in Sediment NPT-3-“ as a Function of Particle Size

<0.045

§9 40 9t afed 0 A3Y 640-IL-NI-GS-IHM



Wi 0%
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FIGURE 19. 7Zr Mass in Sediment NPT-3 as a Function of Particle Size
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versus particle size. The trend is similar to the other two sediments in that
the 425 pm to 2 mm size fraction contains the most mass of each metal but the
concentrations as a function of particle size are inversely proportional.

This inverse relationship for most metals is the relationship upon which the
success of soil physical washing is predicated.

Tables 13 and 14 present the radionuclide data. Again there is very low
or undetectable amounts of ®Co and '¥Cs in sample BO1FB3-NPT-3. Sediment
BO1FB3-NPT-3 contains the lowest activity of uranium among the three sediments
studied. The 235‘11/235U*-activ*i11:y is 11.7 which suggests high enrichment in 23%.
The ?*° activities are quite small and the data may be biased to values
Targer than actually occurring. Based on the 28U activities, 26.4% of the
uranium would be removed if particle sizes below 250 um were removed from the
sediment. This value is Tower than the value calculated from chemical data
because the Targe particle sized material (>13.2) mm contains 8.6% of the
2%, The chemical data do not consider the contribution of larger particles.

CONCLUSTONS AND OBSERVATIONS

Even though the concentrations of suspected contaminants (U, Cu, Zr,
etc.) do increase as the particle size decreases these sediments are very
coarse such that removal of particles below 250 um remove on average only 40%
of the uranium present in the Process Pond sediments. Washing the larger
sized particles, >13.2 mm, did not remove all of the #®U activity so a more
vigorous process than distilied water rinsing may be needed before they can be
considered "clean" for regulatory release. The proposed treatability test
should provide this information (DOE 1992).

On the other hand if performance goals such as those listed in DOE
(1992) in Tables 1-1, 1-2 and 2-1 become the acceptance criteria for what
constitutes clean sediment then the data on the three sediments studied
suggest that physical separtation could be successful. Possible performance
goals identified in DOE (1992) that clean soil must meet for sixteen potential
contaminants are shown in Table 15 along with the observed concentrations that
would occur if selected size fractions were removed by physical soil washing
from the three bulk sediments studied.



300 AREA NORTH PONDS SOIL ANALYSIS'

SAMPLE ID: BO1FB3—NPT-3

DATE: 4/16/92 ta 4/20/92

Gamma Scan Analysis Parameters

Efficiency
Abundance
dpm/uCi

MDA (uClfgm)

Sample
-~ Number

ZvovonsPuna

Sample
Number

Torvevwouafona

Co—-60

0.0032
0.9999
2.22E+06
1.00E-07

Fraction
Size (mm)

=50
50-37.5
37.5-25
25-13.2
13.2-4.75
47520
2.0-0.425
0.425-0.25
0.25-0.15
0.15-0.075
0.075-0.045
<0.045

Fraction
Size (mm)

>50
H0-37.5
37.5-25
25—13.2
13.2—4.75
£75-2.0
2.0-0.425
0.425—0.25
0.25-0.15
0.15-0.075
0.075-0.045
<0.045

Cs-137

0.0068
0.8500
2.22E+06
1.00E-07

Fraction
Welght {gm)

620.32
127.61
917.82
358.37
174.51
138.45
81237
28.55
44.54
31.62
2266
39.25

Fraction
Weight (am)

620.32
127.61
917.82
35837
174.51
138.45
81237
28,55
44.54
31.62
22.66
39.25

Sample
Welght {gm)

217.09
127.40
72.44
34.61
2337
12,15
10.04
11.02
11.02
11.05
10.98
11.08

Sample
Weight (gm)

217.09
127.40
72.44
34.61
23.37
12.15
10.04
11.02
11.02
11.05
10.98
11.06

P,

Co—-60 Co~-60 Co-60
1173 dps 1332 dps Ave dps
—-<MDA~ —<MDA— —<MDA-
—-<MDA- -<MDA-- - <MDA-~
-~<MDA—- —<MDA~ —<MDA-
—~<MDA- —<MDA- —-<MDA-
~<MDA-—- —~<MDA- —<MDA—
~<MDA- —<MDA— —-<MDA-
—-<MDA- —<MDA- —<MDA-
—<MDA~ —<MDA- —<MDA-
-<MDA- —<MDA- —<MDA-—
1.31E-03 1.84E-03 1.58E-03
6.11E-03 3.17E-03 4.64E-03
~<MDA- ~<MDA~ ~<MDA-
Cs~137
662 dps
—-<MDA-
-<MDA~
—-<MDA-
-<MDA-
—-<MDA-
—<MDA~ '
3.09E-03
—<MDA~
—-<MDA-
4.90E~03
- <MDA~
~<MDA~

0350

Corr. dps

—-<MDA~
—~<MDA-—-
-<MDA-
—<MDA~
—-<MDA—
—<MDA—~
—<MDA—
-<MDA-
—-<MDA~-
49201
1.45E+00
~<MDA—

Corr. dps

~<MDA-
—-<MDA~
—<MDA—
~<MDA-~
—<MDA-
-<MDA~
5.35E~01
-<MDA-
—~<MDA~
8.48E~01
—~<MDA~
—<MDA~

TABLE 13. ®9Co and ¥(s Activity for NPT-3 Size Fractions

Sample
uCi

—~<MDA-
—<MDA-
-<MDA-
~<MDA—
—-<MDA-
—<MDA~
—<MDA-
—~<MDA-
—<MDA-
1.33E-05
3.92E-05
-<MDA-

Sample
uCi

—<MDA-
~<MDA~
—<MDA-
- <MDA-~-
—-<MDA-
—-<MDA-
144E-05
—<MDA~
~<MDA-
2.29E-05
—-<MDA-
—<MDA~

Sample
uClfgm

1.00E-07
1.00E-07
1.00E-07
1.00E-07
1.00E-07
1.00E-07
1.00E~07
1.00E-07
1.00E-07
1.20E-06
3.57E-06
1.00E-07

Sample
uCifgm

1.00E-07
1.00E-07
1.00E-07
1.00E-07
1.00E-07
1.00E-07
1.44E-06
1.00E-07
1.00E-07
207E-06
1.00E-07
1,00E-07

Fraction
uCi

6.20E-05
1.28E-05
9.18E-05
3.58E~-05
1.75E-058
1.38E-05
8.12E—-05
2.86E~06
4.45E-06
3.81E-05
8.09E-05
3.93E-06

Fraction
uCi

6.20E-05
1.28E-05
8.18E-05
3.58E-05
1.76E-05
1.38E-05
1.17E-03
2.86E--06
4.45E-06
6.56E—-05
227E-06
3.93E-08
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300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1FB3—NPT—3 .
DATE: 4/16/92 to 4/20/92 TABLE 14. 28U and 2% Activity for NPT-3 Size Fractions

Gamma Scan Analysis Parameters

U-238 U-238 U-235
Fraction Fraction (as Th—234) Fraction U-235 Fraction
Size (mm} Weight (gm) uCifgm uCi uCifgm uCi
1 >50 620.32 4.08E-07 2.54E—04 3.62E-08 2.24E-05
2 50-37.5 127.61 1.59E-07 2.,03E—-05 1.35E-08 1.73E-06
3 37.5-25 917.82 7.28e-07 6.68E—04 1.84E—-07 1.69E-04
3A 25~13.2 358.37 1.14E-06 4,.07E—-04 1.84E-07 6.58E-05
4 13.2-4.75 174.51 2.48E—06 1.98E-04 5.23E—-07 9.13E~-05
5 4.75-2.0 138.45 9.63E~-06 3.43E-04 1.21E-06 1.67E—04
6 2.0-0.425 812.37 7.01E-06 7.83E—03 8.12E—07 6,.59E—-04
7 0.425-0.25 28.55 3.76E-05 2.00E—-04 1.95E—-06 5.55E—-05
8 0.25-0.15 44.54 3.02E-05 1.67E-03 1.566E—06 6.95E—-05
9 0.15-0.075 31.62 4.48E-05 9,53E—-04 2.41E-086 7.60E—-05
10 0.075-0.045 22.66 5.22E-05 1.01E—03 4.23E—-06 9.58E—-05
11 <0.045 39.25 5.96E—-05 2.05E~03 3.63E—-06 1.42E~04
Average

Standard Deviation

Comparison of XRF Uranium Analysis to U--238 Gamma Scan Analysis

XRF Gamma Scan
Fraction Uranium U-238
Size {mm) ppm ppm
5 13.2—-4.75 13.10 3.41
6 4,75-2.0 8.00 7.44
7 2.0-0.425 17.10 28.93
8 ' 0.425-0.25 53.80 21.04
9 0.26-0.15 75.40 1i2.82°
10 0.15-0.075 100.10 90.54
11 0.075-0.045 106.80 134.38
12 <0.045 157.00 156.76

Ratio
U—-238/U-235

11.30
11.73
3.96
6.17
4.74
7.97
8.63
19.32
19.31
18.61
12.35

16.45 .

11.71

5.63
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TABLE 15. Comparison of Performance Goals and N Process Pond Samples

Ave. Conc.® (ppm) in Coarse Sediment Returned to

Constituent Performance Goal Fill After Soijl Washing Removes Fines
%ﬁmove <425 um Remove <250 um Remove <150 um
20 3 A 2 3 1 2 3
Cr 1,600 ppm 94 36 53 97 41 54 99 46 55
Mn 64,000 ppm 1496 783 1622 1487 797 1634 1484 798 1652
Ni 6,400 ppm a3 40 56 95 42 57 97 43 58
Cu 11,840 ppm 899 106 358 966 115 370 1006 123 398
In 64,000 ppm 117 57 136 117 60 136 117 62 136
Hg 96 ppm 3 2 3 3 2 3 3 2 3
Se 960 ppm 1 1 1 1 1 1 1 1 1
Pb 4,480 ppm 8 11 10 9 12 10 9 12 10
As 320 ppm 2 2 2 2 2 2 2 2 2
Sr --- 284 406 419 285 406 418 285 406 416
Ir --- 208 127 189 220 131 192 231 134 198
Ag 960 ppm 6 6 6 6 8 6 6 10 7
cd 320 ppm 5 5 5 5 5 5 5 5 5
Ba 22,400 ppm 201 252 641 209 275 644 212 285 649
238Ce ") 57 24 71 57 26 71 57 27 71
U 426; 50'° 11 4 3 13 6 3 14 8 4
% Sediment 97 90 g5 99 94 96 99 96 97

Returned as fill

(a) Average concentrations calculated as shown in Appendix B
(b) 1, 2, 3 are the three sediments studied
BO1F87 - NPT-1
BO1F93 - NPT-2
BO1FB3 - NPT-3

1
1
2
3

(=]}

(c) Two distinctly different goals are under consideration

§9 JO gy ebed ( ASY 6v0-1L-NI-0S-2HM
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Based on Table 15 and calculations shown in Appendix B, the 300 Area N
Process Pond sediments easily meet the performance goals 1isted in Table 15.
Therefore, physical separation of fines alone may produce a clean soil.

One should also consider that there are small thin layers of fine
material described as green slime and white slime in portions of the 300 N
Process Pond that contain calcite (CaC0,) and elevated concentrations of Cu, U
and other metals (see Dennison, Sherwood and Young 1989). One sample
contained 65,600 ppm Cu and 1270 pCi/g 28U, both significantly higher in
concentration than samples analyzed herein. It would seem prudent to study
the contaminant distribution as a function of particle size in these distinct
layers to complement the study of the bulk sediments within the ponds because
they 1ikely constitute the most contaminated material.

It is probable that the distribution of the contaminants as a function
of particle size would change if the data were generated by wet sieving.
Murarik et al. (1992) wet sieved NTS sediment contaminated with Pu from using
convential explosives to blow up an atomic bomb (to simulate an airplane crash
containing nuclear weapons). They show that the Pu distribution skewed to
smaller particles than when the distribution was determined using dry sieving.
The change was caused by fine "dust" particles clinging to the surfaces of
coarser particles. Wetting and agitation loosened some of the "dust™ such
that they became discrete fine particles. Soil washing, both simple physical
separation and washing with chemical reagents, would be expected to loosen the
"dust" particles. Therefore, the dry sieving data reported herein may
underestimate the percentage of uranium and metals found in fine particles.
Thus the percentage removals of uranium discussed in the text could be under-
estimated because they are based solely on dry sieve data and not actual soil
washing. As has been suggested before, the proposed treatability tests should
provide valuable data regarding this issue.
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APPENDIX A

Calculations of Average Chemical Concentrations of Bulk Sediment

Because Targe particles above 13.2 mm in size were not analyzed for
chemicals we calculate the bulk sediment concentrations by assuming that Targe
particles exhibit the same concentration as the largest size measured, 4.75 to
13.2 mm. Because the >13.2 mm material represents =70% of the weight of the
bulk sediment this assumption is important in estimating the bulk
concentration. The *®J data measured on all particle sizes (see main text
and Tables 6, 10 and 14) suggests that particles >13.2 mm in fact contain
successively Tower activities of contaminants than particles <13.2 mm. Thus,
the estimates in this appendix could be biased high but this bias will allow
conservatism when comparing to performance goals.

Tables A-1, A-2 and A-3 present the calculated average concentration for
representative chemicals for the three soils studied as a function of particie
size distribution. For example the first row in Table A-1 presents Cr data
for sediment sample BOIF87-NPT-1. The sediment with particle size greater
than 13.2 mm is assigned a concentration the same as the Targest particle size
analyzed (<13.2 and >4.75 mm). The concentration is 98 ppm. Continuing
across the row the value of 248 ppm is the measured concentration of Cr in the
<425 and >250 pum size fraction. The final two values in the row, under the
labels "Sum Fraction" are estimates of the Cr concentration in the mixed
sediment (with particles greater than 13.2 mm removed) and the bulk sediment
as found in the field, respectively. A1l but the last column are the same
data shown in the text in Tables 2, 7 and 11 respectively.



JABLE A-1.

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1F87 ~NPT-1

DATE: 4/20/92

XAF
Analysis

Cr (ppm)
Cr (mg)
Mn (ppm}
Mn {mg)
Ni (ppm)
Ni (mg)
Cu (ppm)
Cu {mg)
Zn (ppm)
Zn (mg)
Hg (ppm)
Hg (mg)
Se (ppm)
Se (mg)
Pb (ppm)
Pb {(mg)
As (ppm)
As {(mg)
Sr (ppm)
Sr (mg}
Zr (ppm)
Zr (mg)
Ag (ppm)
Ag (mg)
Cd (ppm)
Cd {mg)
Ba (ppm)
Ba (mg)
Ce {ppm)
Ce {mg)
U {ppm)
U {mg)

>13.2

203.92
316237
168.13
1063.27
236,58
6.03
1.89
14.98
3az2
563.89
366.22
12.48
10.82
82.80
126.93

68.67

13.2-4.75

98.00
15.09
1515.00
233.23
80.80
12.44
511.00
78.67
113.70
17.50
2.90
0.45
0.91
0.14
7.20
1.1
1.50
0.23
271.00
41.72
176.00
27.10
6.00
0,92
5.20
0.80
44.60
6.87
61.00
9.39
33.00
5.08

Concentrations of Chemicals in Various Size Fractions

4.75-20

52.90
10.95
1313.00
27189
69.60
14.40
973.00
201.33
113.50
23.48
2.80
0.60
0.88
0.18
10.80
223
1.50
0.31
350.00
72.42
225,00
46.56
5.20
1.08
5.50
1.14
732.00
161.47
46.00
9.52
35.30
7.30

2.0-0425

Fraction Size {mm)

0.425-0.25
95.00 248.00
52.84 11.76
1486.00 964.00
826.51 45.72
149.00 245.00
82.87 11.62
2430.00 5180.00
1361.57 245,69
133.50 111.70
74.25 §.30
3.10 3.50
1.72 0.17
0.92 0.83
0.51 0.04
12.30 19.90
6.84 0.94
1.60 5.13
0.89 0.24
313.00 330.00
174.09 15.65
330.00 1009.00
183.55 47.86
5.00 14.50
2.78 0.69
5.30 4,70
2.95 0.22
634.00 696.00
352.63 33.01
45.00 5$1.20
25,03 243
123.90 387.00
68.91 18.36

e
I

I

0.25-0.15

401.00
8.52
969.00
20.60
316.00
6.72
£840.00
145,39
112.30
2,39
4.10
0.09
0.83
0.02
28.50
0.61
5.27
0.1
328.00
6,97
1740.00
36.99
27.70
0.59
4,70
0,10
646.00
13.73
33.50
1.14
586.00
12.46

0.15-0.075

760.00
9.53
1013.00
12.70
484.00
6.07
10740.00
134.68
147.80
1.85
6.00
0.08
0.84
0.01
48.80
0.61
9,30
0.12
315.00
3.85
3820.00
47.90
63.30
0.79
5.30
0.07
656.00
8.23
95.00
1.18
1073.00
13.46

5

)
]

2

0.075—-0.045

1108.00
5.96
974.00
5.24
5§82.00
3.13
12870.00
69.24
219.00
1.18
8.40
0.05
0.84
0.00
75.20
0.40
12.00
0.08
294.00
1.58
5670.00
30.50
100.30
0.54
8.00
0.04
653.00
3.51
98.00
0.53
1369,00
7.37

(Soil NPT-1)

Sum Fraction

<0.,045 13,2—0.045
1311.00 116.32
2.31 116.96
981.00 1408.76
1.73 1417.42
625.00 137.60
1.10 138.35
14190.00 2239.37
24.97 2251.54
256.00 125.73
0.45 126.41
10.20 3.15
0.02 3,16
0.85 0,90
0.00 0.91
97.70 12.85
0.7 12.92
11.20 1.98
0.02 1.99
271.00 315,16
0.48 316.87
6990.00 430.41
12.30 432.75
135.50 7.59
0.24 7.63
9.90 .31
0.02 6,34
633.00 567.47
11 §70.56
88.00 49.12
0.15 49.38
1490.00 134.82
2.62 135.55

Sum Fraction
>13.2—-0.045

103.97
320.87
1480.71
4569.79
99.31
306.48
1074.07
3314.81
117.62
362.99
2.98

§9 jJo gp obe
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TABLE A-2. Concentrations of Chemicals in Various Size Fractions (Soil NPT-2)

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE iD: BO1F93—-NPT-2

DATE: 4/17/92 and 4/20/92 Fraction Size {mm)
‘ Sum Fraction Sum Fraction
XRF >13.2 13.2--4.75 4.75-2.0 2.0-0.425 0.425-0.25 0.25-0.15 0.15-0.075 0.075--0.045 <0.045 132-0.045 >13.2-0.045
Analysls
Cr (ppm} 25.50 25.00 88.00 144.00 292.00 387.00 469.00 639.00 127.80 63.69
Cr{mg) 50.67 6.25 3.14 4298 20,94 16.83 17.93 13.49 28.72 151.26 201,93
Mn {pptn) 617.00 1561.00 1342.00 1069.00 849.00 780.00 760.00 836.00 1101.67 797.92
Mn (mg) 1226.04 - 151412 196.34 655,18 165.42 48.93 36.13 21.87 38.88 1303.87 2529.91
Ni {ppm) 36.20 51.77 56,50 69,70 117.10 147.00 187.00 290.00 72.26 49,86
Ni (mg) 71.93 8.87 6.51 27.58 1013 68.75 6.81 5.38 13.49 85.52 157.45
Cu (ppm) 101,20 75.00 134.90 285.00 560.00 742,00 947.00 121600 246.68 155.51
Cu (mg) 201.09 24.79 9.43 65.86 41.44 32.27 34.37 27.25 56.56 291.96 493,05
Zn {ppm) as.70 133.40 121.50 111.30 156.60 155.80 172.40 215.00 112.34 66.19
Zn (mg) 76.90 9.48 16,78 59.32 16.18 9.02 7.22 496 10.00 132.96 209.86
Hg (ppm) 2.20 310 290 2.70 2.80 6.50 7.30 10.10 3.28 2.60
Hg (mg) 437 0.54 0.39 1.42 0,39 0.16 0.30 0.21 0.47 388 8.25
Se (ppm) 0.71 0.92 091 0.83 0,82 0.85 0.95 1.13 0.86 0.77
Se (mg) 1.4 017 012 0.44 0,12 0.05 0.04 0.03 0.05 1.02 243
Pb (ppm) 10,30 12.40 15.60 22,70 36.80 44.90 56,20 73.40 20.47 14.10
Pb (mg) 20.47 2.52 1.56 7.62 3.30 212 2.08 1.62 3.41 24.23 44.70
As (ppm) 1.46 1.60 2.60 3.70 5.09 6.90 9,20 8.10 3.06 2.06
As {mg) 2.90 0.36 0.20 127 0.54 0.28 0.32 0.26 0,38 3.62 6,52
Sr (ppm) 417.00 318.00 378.00 408.00 410,00 418.00 412.00 409.00 388.67 406.43
Sr (mg) 828.62 102.14 40.00 184.54 58.456 23,63 19.36 11.85 19.02 460,01 1288.63
Zs {(ppm) 111.10 209.00 180.00 197.00 284.00 352.00 446.00 456.00 200.02 144,29
Zr (mg) 220,77 27.21 26.29 87.88 28.64 16.37 16.30 12.83 21.21 236,73 457,50
Ag (ppm) 4.40 4.90 15.70 43.00 106.80 135.40 170.70 253,00 37.78 16.86
Ag (mg) 8.74 1.08 0.62 7.66 6.25 6.15 6.27 4.91 1.77 4472 §53.46
Cd {ppm) 4.80 5.10 5.10 5.20 5.80 550 8,20 6.80 5:24 4.97
Cd (mg) 9.54 118 0.64 2.49 076 033 0.25 0.24 0.32 6.20 15.74
Ba (ppm) 136.70 761,00 649.00 725.00 774.00 780.00 765.00 914.00 588.76 305.45
Ba {mg) 271.64 33.48 95.72 316.85 105.41 44.61 36.13 22,12 42.51 696,83 968.46
Ce (ppm) 1870 5370 40.20 62.80 69.00 50.00 50.00 39.00 41.94 27.37
Co (mg) 37.16 4.58 6.75 19.63 9,13 3.98 232 1.44 1.81 49.64 85,79
U {(ppm 5.10 6.70 39,80 108,60 272,00 357.00 454.00 598.00 93.28 38,02
U {mg) 10.13 1.25 0.84 19.43 16.79 15.68 16.54 13.06 27.81 110.40 120.53

6o 30 [ 9bed



[ABLE A-3. Concentrations of Chemicals in Various Size Fractions (Soil NPT-3)

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1FB3—NPT-3

DATE: 4/16/92 to 4/20/92 Fraction Size {mm)
Sum Fraction Sum Fraction
XRF >13.2 13.2-4.75 4.75-2.0 2.0-0.425 0.425-0.25 0.25-0.15 0.15-0.075 0.075-0.045 <0.045 13.2-0.045 >13.2-0.045
Analysis
Cr (ppm) 50.00 46.10 63.00 129.00 144.00 237.00 387.00 916.00 99.54 69.30
Cr (mg) 101.21 8.73 6.38 51.18 3.68 6.41 7.49 8.77 35,95 128.60 229.81
Mn {ppm) 1406.00 5090.00 1614.00 3010.00 2950.00 2920.00 2700.00 2600.00 2113.24 1681.54
Mn {mg) 2845,91 245.36 704.71 131117 85.94 131.39 892.33 61.18 98.13 2730.20 5576.12
Ni (ppm) 51.20 48.70 71.10 127.40 172.00 232.00 279.00 460.00 90.13 66.37
Ni (mg) 103.63 B.93 6.74 57.76 3.64 7.66 7.34 6.32 18.06 116.45 220,08
Cu (ppm) 188.00 124.30 B856.00 1740.00 2420.00 3290.00 3670.00 4630.00 984.40 498.28
Cu (mg) 380.53 32,81 17.21 695.39 49,68 107.79 104.03 83.16 181.73 1271.79 1652,32
Zn (ppm) 137.40 87.30 140.80 132.60 152.20 180.90 193.00 240.00 139.73 138.31
Zn {mg) 2768.11 23.98 12.09 114,38 3.79 6.78 8,72 4,37 9.42 180.52 458.64
Ho (ppm) 2.80 2.50 3.00 2.70 2.60 - 2.90 4.80 6.80 3,04 2.89
Hg {mg) 5.67 0.49 0.35 2.44 0.08 0.12 0.09 0.11 0.27 3.93 8.60
Se (ppm) 0.86 0.83 0.91 0.81 0.77 1.40 0.77 0.81 0.89 0.87
Se (mg) 1.74 0.15 o0.11 0.74 .02 0.03 0.04 0.02 0.03 1.16 2.50
Pb {ppm}) 8,50 15.30 12.50 20.70 25.40 31.90 38.60 53.50 15.06 11.06
Pb (mg) 17.21 1.48 212 10.15 0.59 1.13 1.01 0.87 2.10 19.46 36.67
As (ppm} 1.40 4.11 3.52 6.80 8.52 9.60 9.90 13.70 4.11 2.46
As {mg) 2.83 0.24 .57 2.86 0.19 0.38 0.30 0.22 0.54 5.31 8.15
St {ppm) 463.00 295,00 322.00 303.00 280,00 270.00 257.00 236.00 331.60 411.81
8r {mg} 937.17 80.80 40,84 261.58 8.65 12.82 8.54 5.82 9,26 428.42 1365.58
Zr {ppm) 174.00 208.00 227,00 512.00 644.00 841.00 964.00 1387.00 301.67 223.74
Zr (mg) 352.20 30.36 28.80 184.41 14.62 28.68 26.59 21.84 54.44 389,75 741.94
Ag (ppm) 6.30 5.80 6.70 17.20 32.90 42.20 58,70 89,80 11:99 8.52
Ag (mg) | 12,76 1.10 0.80 5.44 0.49 1.47 1.33 1,33 3,52 15.49 28.24
Cd {ppm) 5.60 5.90 5.00 5.60 8.50 5.60 5.50 ‘ 5.20 5.24 5.46
Cd {mg) 11.34 0.98 0.82 4.06 0.16 0.24 0.17 0412 0.20 6.76 18.10
Ba (ppm} 596.00 1094.00 686.00 919.00 1028.00 1001.00 977.00 948.00 755.28 658.06
Ba {mg) ) 1206.38 104.01 151.46 557.29 26.24 45,79 31.65 22.14 3ar.21 975.78 2182.16
Ce (ppm) 77.00 84,00 52,20 51.00 70.00 59.10 68,00 85,00 60.99 . 70.76
Ce (mg) 155.86 13.44 11.63 42.41% 1.46 3.12 1.87 1.54 3.34 78.79 234.65
U {ppm) 13.10 B.00 17.10 53.80 75.40 100.10 106.80 157.00 26.26 18.23
U {mg) 26.52 . 2.29 1.1 13.89 1.54 3.36 3.17 2.42 6.16 33.92 60.44

prr
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APPENDIX B

Calculations of Concentrations Remaining in Coarse
Sediment After Removing Fines by Soil Washing

The tables in this appendix allow one to compare the concentration of
chemicals, 2% and #% that would remain in the coarse sediment after
removing fines at a given particle size cut-off. These data were calculated
using the same assumption as Appendix A. The values in these tables are used
to produce Table 15 in the text and can be compared to soil washing
performance goals.

Tables B-1, B-2 and B-3 present the calculated average concentration for
representative chemicals for the three soils studied as a function of
cumulative particle size. For example, the first row in Table B-1 presents Cr
data for sediment sample BOIF87-NPT-1. The sediment with particle size
greater than 13,2 mm is assigned a concentration the same as the largest
particle size analyzed (<13.2 and >4.75 mm). The concentration is 98 ppm.
Continuing across the row the value of 96.72 ppm is the estimated
concentration of Cr in the residual sediment if all particles less than 250 um
were removed. The final value in the row, under the label "Fines" is an
estimate of the Cr concentration of the bulk (in the field) sediment, 103.97
ppm.

Table B-4 contains similar calculations for all three sediment’s uranium
activities. The key data are the 23U and 2% activities (uCi/g) found in the
third and fourth columns. For example, the #*®U activity of sediment NPT-1
greater than 50 mm is 4.84 x 1077 uCi/g while the activity of the fraction
greater 0,425 mm is 1.10 x 10™° uCi/g and the bulk sediment (a1l sizes) has an
average activity of 1.69 x 107° uCi/qg.



TABLE B-1.

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1F87~NPT—1

DATE: 4/20/92

Element
{ppm}

Cr
Mn
Ni
Cu
Zn
Hg
Se
Pb
As
Sr
Zr
Ag
Cd
Ba
Ce

U

>13.2

98.00
1515.00
80.80
511.00
113.70
2.80
0.91
7.20
1.50
271.00
176.00
6.00
5.20
44.60
61.00

33.00

>4.75

98.00
1515.00
80.80
511.00
113.70
290
0.
7.20
1.50
271.00
176.00
6.00
£.20
44.60
61.00

" 83.00

>20

94.18
1497.88
79.85
550.15
113.68
2.90
0.91
7.51
1.50
277.69
180.156
5.93

5.23

102.85

59,73

33.19

>0.425

94.33
1495.68
92.68
898.93
117.36
294
0.91
8.39
1.52
284.25
207.95
576
5.24
201.40
57.00

50.02

131G, 0060

>0.25

86.72
1487.40
95.05
965.61
11727
295
0.91
8.57
157
284.96
22043
5.90
5.23
209.10
56.91

55.27

>0.15

98.83
1483.80
96.58
1006.32
117.24
295
0.91
8.71
1.60
285.26
230.96
6.05
523
212.13
56.88

5895

>0.075

101.53
1481.89
98.16
104597
117.36
297
0.91
8.88
1.63
285.38
245.58
6.28
5.28
213.94
57.04

. 63.08

Calculated Concentrations of Chemicals in Residual NPT-1 Sediment

Cumulative part per million (ppm) including large fraction size estimate

>0.,045

103.28
1481.00
99.01
1066.59
117.54
298
0.91
8,99
1.65
285,39
255.04
6.44
5.23
214.71
57.11

65.36

fines

103.97
1480.71
99.31
1074.07
117.62
2.98

0.91



TABLE B-2.

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1F93-NPT-2
DATE:; 4/17/92 and 4/20/92

Element
{ppm)

Cr
Mn
Ni
Cu
Zn
Hg
Se
Pb
As
Sr
Zr
Ag
Cd
Ba

Ce

>13.2

25.50

617,00

36.20
101.20
38.70
2.20
0.71
10.30
1.46
417.00
111.10
4.40
4.80
136.70
18.70

5.10

>4.75

25.50
617.00
36.20
101.20
38.70
2.20
0.71
10.30
1.46
417.00
111.10
4.40
4.80
136.70
18.70

5.10

>2.0

25.47
667.36
37.03
99.80
43.75
225
0.72
10.41
1.47
411,72
116.32
4.43
4.82
170.00
20,57

5.19

Calculated Concentrations of Chemicals in Residual NPT-2 Sediment

Cumuiative part per million (ppm) includinglarge fraction size estimate

>0.425

36.20
783.09
40.37
105.82
57.09
2.36
0.75
11.30
1.66
405.93
127.25
6.36
4.86
25217
23.93

11.12

>{(.25

41.44

796.98

41.80

114.53
59.72
2.38
0.76
11.86
1.76
406.08
130.64
.14
4.88
275.15
25.82

15.86

>0.15

46.17
797.97
43.22
122,95
61.55
2.38
0.76
12.33
1.82
406.16
133,53
10,01
4.90
284.58
26.64

20.70

>0.075

51.27
787.70
44.77
132.21
62.97
2.45
0.76
12.81
1.90
406.33
136.80
11.88
4.91
291.99
26.99

25.73

>0.045

55.12
797.35
46.08
13972
63.97
2.49
0.76
13.21
1.97
406.39
139.65
13.35
4,94
296.39
27.20

29.68

fines

63.69
797.92
49,66

. 155.51
66.19
2.60
0.77
14.10
2.06
406,43
144.29
16.86
4,97
305.45
27.37

- 38,02

§9 40 1g °bed 0 A8Y 6H0-1L-N3-0S-DHM



TABLE B-3.

300 AREA NORTH PONDS SOIL ANALYSIS
SAMPLE ID: BO1FB3—NPT-3
DATE: 4/16/9210 4/20/92

Element

(ppm}

Cr
Mn
Ni
Cu
Zn
Hg
Se
Pb
As
Sr
ds
Ag
Cd
Ba

Ce

>13.2

50\.00
1406.00
51.20
188.00
137.40
2.80
0.86
8.50
1.40
463.00
174.00
6.30
5.60
596.00
77.00

13.10

>4.75

50.00
1406.00
51.20
188.00
137.40
2.80
0.86
8.50
1.40
463.00
174.00
6.30
5.60
586.00
77.00

13.10

WI3I45.0052

Calculated Concentrations of Chemicals in Residual NPT-3 Sediment

»2.0

49.77
1624.24
51.05
184.23
134.43
278
0.86
8.90
1.56
453,05
176.01.
6.27
5.62
625,50
7741

12.80

>0,425

53.18
1621.60
56.22
357.50
136.07
2.84
0.87
9.83
207
418.25
189.17
6.38
5.46
641.11
70.91

13.91

>0.25

53.86
1634.07
56.86
369.92
136.04
284
0.87
9.93
211
418.20
192,07
6.48
5.46
643.60

70.73

1427,

>0.15

55.11
1652.26
58.45
388.26
136.27
2.83
0.87
10.14
2.20
416.43
198.31
6.84
5.46
648.92
70.72

15.11

>0.075

56.88
1664.58
60.14
426.36
136.70
283
0.87
10.35
2.27
415.01
204.56
7.19
5.46
652.34
70.61

15.94

Cumulative part per million (ppm) including large fraction size estimate

>0.045

59.16
1671.74
61.65
448.79
137.09
2.85
0.87
10.55
232
413.91
209.81
7.54
5.46
654.58
70.59

16.57

fines

69.30
1681.54
66.37
498.28
138.31
288
0.87
11.06
246
411.81
22374
8.52
546
658.06
70.76

18.23
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300 AREA NORTH PONDS SOIL ANALYSIS

SAMPLE ID: BO1F87—NPT—1
DATE: 4/20/92

TABLE B-4.

Gamma Scan Analysis Parameters

Fraction
Size (mm)

>50
50-37.5
37.5-25
25—-13.2
13.2—-4.75
4,75—-2.0
2.0-0.425
0.425--0.25
0.25-0.15
0.15-0.075
0.075-0.045
<0.045

RSP ENOO RN

Fraction
Woeight (gm)

238.48
£55.89
690.83
495.57
153.95
206.92
§56.20
47.43
21.26
12.54
5.38
1.76

300 AREA NORTH PONDS SOIL ANALYSIS

SAMPLE ID: BO1F93—-NPT=-2

DATE: 4/17/92 and 4/20/92

Gamma Scan Analysis Parameters

Fraction
Size {mm)

»>50
50-37.5
37.5-25
25—-13,2
13.2—4.75
4.75-2.0
2.0-0.425
0.425-0.25
0.25-0.15
0.15—-0.075
0.075-0.045
<0.045

.o
NigevoNoOEan -~

Fraction
Waeight (gm}

1050.08
270.98
387.31
278.75
244.93
125.78
488.21
145.39

57.63
46,32
28.77
48,51

300 AREA NORTH PONDS SOIL ANALYSIS

SAMPLE ID: BO1F83—-NPT-3

DATE: 4/16/32 to 4/20/92

Gamma Scan Analysis Parameters

Fraction
Size (mm)

>50
50-37.5
37.5-25
25-13.2
13.2-4.75
4,75-2.0
2.0-0.425
0.425-0.25
0.25-0.15
0.15-0.075
0.075-0.045
<0.045

voavoasrPan~

-
- O

Fraction
Waeight (gm)

§20.32
127.61
917.82
358.37
174.51
138.45
812.37
28.55
44,54
31.62
22.66
39.25

Cumulative
U—238
uCifgm

4.84E-07
4,18E—-07
1.11E-086
1.35E~06
1.88E~06
3.28E—-06
1.10E-05%
1.30E~05
1.43E-05
1.58E-05
1.66E—05
1.68E-05

Cumulative
U—-238
uCifgm

2.54E-07
3.20E-07
8.68E-07
$.00E—-07
9.53E-07
1.65E--06
4.03E—-08
6.35E-08
8,22E—-06
1.05E—-05
1.18E-05
1.40E-Q5

Cumuiative
it—-238
uCifgm

4.09E-07
3.86E~-07
5.65E—-07
6.66E—-07
7.08E-07
8.09E-0Q7
3.08E-06
3.12E-06
3.60E-06
3.85E-06
4.14E—06
4.71E-086
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Calculated Activities of U in Residual Sediment

Cumulative Cumulative
U-~235 Ratio
uCl/gm U-~238/14-235

4.0BE—08 11.88
5.62E—08 7.44
1.24E-07 8,94
1.60E-07 8.42
1.74E~07 10,85
2.68E~-07 12.23
7.65E~07 14,43
9.12E--07 14.27
1.01E-08 14.17
1.10E-06 14.39
1.14E~06 14,56
1.16E-06 14.61

Cumulative Cumulative
U-235 Ratio
uCl/gm U—238/U-235

1.58E-08 16.12
2.82E-08 11.34
4,74E-08 18.31
5.72E—-08 15.73
8.28E-08 11.51
1.38E-07 11.93
2.89E-0Q7 13,83
4,23E~-07 15.01
5.11E~-07 16.07
6,04E-07 17.32
6.72E-07 17.50
7.81E-07 17.98

Cumulative Cumuiative
U=-235 Ratio
uCl/gm U-—-238/U-235

3.62E-08 11.30
3,23E-08 11.33
1.16E-07 4.88
1.28E-07 5.21
1.89E—-07 4.42
2.22E-07 3.65
3.74E-07 8.25
3.B8E-07 8.05
4,04E-07 8.90
4.23E-07 9,10
4.50E-07 9.20
4.876-07 9.66
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APPENDIX C
Raw ZRF Data

Many of the results presented in the appendix suggest that the values
apresent detection 1imit values. Thus we suggest data for C1, Ru, Pd, In,
3, Te, I and Cs are likely detection Timit values and should not be
onsidered quantitative estimates of concentrations or evidence of the
resence of certain regulated chemicals.

Data for Hg, Se, As, Br, Cd and Sn only show above detection limit
oncentrations for the smallest particle size fractions so that calcuilations
f average concentrations in bulk sediment are suspect.

Egg The samples USGS AGV-1, BCR-1, SRM 1646, USGS-2 represent standards used
fy-tthe XRF staff to assure proper calibration. The samples NPT-1, NPT-2 and
éé?-3 are followed by the smaller size cut off designation. For example NP-T3
EE?S mm is the NPT-3 sediment 13.2 to 4.75 mm size split, and NP-T3 45 um is
#he 75 to 45 u, size split.

The data suggest the presence of elevated concentrations of Cr, Ni, Cu,
b, U, Zr, Ag, Sn and perhaps Hg, Mo and Cd versus typical Hanford
incontaminated sediments (see Table 3).
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APPENDIX D
Raw Data on Gamma Scans

The original raw data for the gamma counting is quite copious and is not
reproduced herein. The original data have been transferred to WHC (Jim Field)
who can be contacted to determine their current whereabouts, if necessary.
Some of the critical raw data are summarized in the following table. Data
included in Table D-1 are the sample ID that is found on the counting records,
the particle size split for each sample, the live time that each sample was
counted (in seconds), the mass of sample counted (in grams), the counts {(area)
in the respective peak channels for 2%y, 2%, 1¥¢s and ®Co, the counts in the
background channels around each peak, the % error in the raw counting data
based on peak counts minus background counts and the activity/gram values for
each radionuclide (uCi/g) and the calculated standard deviation in pCi/g.

The calculations are performed internally within the ND6600 software
system. The user supplies the energy levels and abundances of each desired
peak for the radionuclides. With efficiency curves for the various energy
levels produced using multiple nuclide standards that cover a wide energy
range, the user inputs {sample ID, sample weight, geometry, etc), and the
observed count rates the software automatically calculates activity.

As mentioned in the text, the data acquisition system was calibrated
versus known uranium ore and mill tailings samples to assure proper operation
of the system. The standard deviations reported herein only include counting
uncertainty in the random decay occurrences. The uncertainty caused by
sediment heterogeneity, potential hot particles etc. are not included. No
duplicate samples were prepared from a given size split to ascertain the
magnitude of these other types of "real world" uncertainties. Finally the
large gravel and cobble sizes were counted by simply wrapping a representative
rock in Saran Wrap and placing it directly on the detector. This is not a
standard geometry for which we have calibrated efficiencies.
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TABLE D-1. Raw Counting Data

/4

238 235

u u
Particle Size Count Time Sample Size Area in Bkgrd. % Frror Activity Std. Dev. Area in  Bkard. % Error Activity Std. Dev.
Sample ID () (s) (qa) Peak Area {{iCi/a) (LLifg) Peak Area {LCi/a) {Lcifg)
NP Tl-Rock  >50 7200 238.4 105 471 .5 4.8ex107 LRx10] & a7 51 4.0x105  184x208
NP T1-2 <50 to »37.5 14400 2094 132 775 4.5 3.94x 1070 180x1077 155 470 301 6.A8x 1005 1.6 x 1005
NP Ti-3  <37.5 to >25 14400 82.8 303 933 204 2.00x 1070 410x107) 243 82 253 213x107  538x108
NP TI-4 <25 to »13.2 3600 36.4 35 183 208 2.11x1070 Loalxif $3  §.3 2.75x107 158 %107
NP T1-5  <13.2 to >4.75 3600 22.7 91 195 3.5 8.09x 1070 s3x10f 28 8L 6L7 3.82x10)  217x107
NP T1-6  <4.75 to >2.00 3600 12.9 108 149 27 1.84x107 417xu08 5 8 3.5 1.29x100  4.32x 107
WP T1-7  <2.00 to >0.42 43200 10.1 2478 2482 43 451x107 1.83x 100 1224 1258 62 2.95x1000  1.82x 10
NP T1-8  <0.42 to 0.25 3600 1.0 630 570 87 L38x 100, l20x100% 385 188 100 LOo2x 107 1,03 x 107
NP TI-0  <0.25 to >0.15 2700 1.0 735 254 5.2 1.95x1073 L02x10 417 154 9.1  147x107 134 x 1078
NP T1-10 <015 to >0.07 2700 1.0 1176 496 46 3.84x 1077 176x107 82 135 6.5 230x 1077 1.48 x 10
NP T1-1L  <0.07 to >0.04 1800 47 59 217 7.0 4.93x1070 3.47x1070 215 61 8.6 2.65x 107  2.50x 1070
NP T1-12 <0.045 1800 1.2 167 i1l 1.1 5.92x10% 9.5 x 10 73 29 182 3.41x 10 6.20 x 10
NP T2-Rock  >50 13358 371.4 543 1437 148 2.50x107 9.33x 103 74 56 501 LS8x100 9.3 x 1073
NP T2-2 <50 to >37.5 14400 143.5 150 630 320 5.76x 107 1.84x107 152 52 M9 765x 105 2067 x 1075
NP T2-3  <37.5 to >25 7200 68.1 170 394 252 274x107 691x10] 8 18 406 L13x 107 4.58x 107
NP T2-4 <25 to >13.2 172800 33.0 789 14062 3.3 L10x 1077 3.75x1077 63 3885 174 117 x 100 2.05x 107
NP T2-5  <13.2 to >4.75 3600 23.0 15 2 100  L39x107° 1.5x100 m 8 832 2.91x10f  242x 107
NP T2-6  <4.75 to >2.00 3600 12.8 82 115 309 141x1077 435x1050 48 64 409 LI3x100F  4.62 x 107
NP T2-7  <2.00 to >0.42 28800 10.0 564 1223 123 LS5x 107 1.90x100 2718 751 195 1L0zx 1070 198 x W7 __
NP T2-8  <0.42 to >0.25 28800 1.0 2081 2584 58  5.18x 105 3.01x100 930 1% 9.4  3.05x 1000  2.86x 1077
NP T2-9  <0.25 to >0.15 3600 1.0 527 436 9.8  L0sx107% 1oaxi10 e 2 105 5.07x100 533 x 107
NP T2-10  <0.15 to >0.07 3600 1.0 7% 167 42 1.5Bx 107, 6.66x 1000 254 171 132 6.69x10°0  8.82x 10
NP T2-11  <0.07 to >0.04 3600 1.0 755 427 6.9 LSIx107, 1.0ax1072 300 173 118 7.99x 100  9.40x 107 P
NP T2-12 <0.045 5400 10.9 1248 412 40 1.67x107% 6.6ex 10 45 228 8.1  B.03 x 10 6.52 x 10
NP T3-Rock  >50 14400 217.0 161 863 397 4.09x1077 162x 107 185 481 307 3ezx 1000 Llix 1078
NP T3-2 <50 to »37.5 14400 127.4 37 39 9.9 1.59x107 154x107 24 18 100  135x103  135x1005Q
NP T3-3Rack <37.5 to >25 14400 72.4 9% 833 89.1  7.28x1070 4.30x107 18 37 235 1e4x107  43xuld
NP T3-3WAF <25 to »13.2 28800 3.6 143 813 3. L18x107 405x1000 176 84 355 1.84x107 6.5 x 107
NP 13-4 <13.2 to >4.75 10800 23.4 79 574 60.5 248x107. 149x107 126 250 266 5.23x107 139x100
NP 13-5  <4.75 to >2.00 3600 12.2 53 220 58.2 9.63x 1070 S5.6lx 1070 46 165 749 121x105  9.06x 107 2
NP T3-6  <2.00 to >0.42  2880D 1.0 255 1088 . 28 7.01x107, LE7x00 224 60 2.2 8.2x 100 Le8x 107 O
NP T3-7  <0.42 to >0.25 5400 1.0 282 192 9.9 376x 107 373x 1077 1l 132 218 185x1000 426 x 107
NP T3-8  <0.25 to »0.15 5400 1,0 226 273 182 3.02x 107 4.87x100¢ 89 146 200 L.56.x 1070 4.53x 1077
NP 13- <0.15 to >0.07 7344 11 488 279 75 4.48x1070 335x 1070 187 179 149 241x 1078 358107
NP T3-10  <0.07 to >0.04 3600 1.0 261 139 9.7 522x 107 5.06x1070 183 178 235 423x1000  995x 1079
NP T3-11 <0.045 3600 1.1 300 144 8.4 5.96x 10> 5.00 x 10 138 106 18.5 3.63 x 10 6.69 x 10

T TR AN
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TABLE D-1. Raw Counting Data (Con’t)

7h

137[:s BOCo

Particle Size Count Time Sample Size Area in Bkgrd. % Error Activity Std, Dev. Area in  Bkgrd. % Error Activity Std. Dev.
Sample 1D {mm) {s) (q) Peak Area (ucifa) {tCifg) Peak Area {ucifg) {Lci/a)
NP T1-Rock  >50 7200 238.4  not detected-----------—=- .0 x 1077 1.0 x 1077 not detected-m----um-nn- a.0x 107 10 x10]
HP T1-2 <50 to >37.5 14400 209.4 59 33 26.0 1.04 x 10_7 0.3 x 10_7 not detected~~--—-==--wu-m- <1.0 x 10__.’. 1.0 x 10__7
NP T1-3 <37.5 ta >25 14400 82.8 41 32 40.3 1.60 x 1.0_7 0.6 x llil_‘7 not detected-«-----=--=-n- <1.0 x 10__7 1.0 x 10‘_7
NP Ti-4 <25 to »13.2 3600 36.4 not detected---------s-omn <1.0x 10, 1.0x 18 , not detected-----wmm=uam-- <i.0x 10 5 1.0 x 10 5
NP T1-5  <13.2 to »4.75 3600 22.7 not detected--------w---ou- <1.0 % 1(.'!_7 1.0 x 10_7 notr detected-—-—-weuoasone <1.0x 10 , 1.0 x 18,
WP 71-6  <4.75 to >2.00 3600 12.9 not detected--=---==---wus <1.0 x 10_, 1.0 x 10 5 not” detected-—--mr-wonmm-- <1.0 x 10 , 1.0 x 10 ,
NP T1-7 <2.00 to >0.42 43200 10.1 69 96 ip.2 7.4 % 1(]_7 2.2 x 10_7 3s* 21 41.8 6.6 x 10_7 2.7 x 10_7
NP T1-8  <0.42 to >0.25 3600 11.0 not detected------—-------- <1.0x 10,  1L0x10, not Metected---------m---- <1.0 x 10 ; 1.0 x 10 ,
NP T1-9  <0.25 to >0.15 2700 11.0 not detected--------—----—- <1.0 x 10_7 1.0 x 10_7 notgdetected-------------- <1.0x 10 . 1.0 x 10 ,
WP T1-10 <0.15 to »0.07 2700 11.0 not detected-—---=-----em- <10 x 10 5, 1.0 x 105 =iot Jdésected----umm-onum- <1.0 x 10 1.0 x 10 ,
NP T1-11  <0.07 to >0.04 1800 4.7 not detected-------~~~---- <1.0 x 10_7 1.0 x 1!3_‘7 "ot deftected-—-----w-—unen <1.0 x 10_‘7 1.0 x 1[!_7
HP T1-12 <0,045 1800 1.2 not detected-~-----=----u= <1.0 x 10 1.0 x 10 '%rkgt Befected-----rr--mnm-- <1.0 x 10 1.0 x 10

L. i

NP T2-Rock >50 13358 371.4 not detected-------------- . 0x 107 Lox1 :; SRt debected---m----amm--- <1.0 x 10:; 1.0 x wj;
NP T2-2 <50 to >37.5 14400 143.5 51 45 3.1 L16x 1077 4.0 x 107, _got detected---—--om-r-—ov <1.0x 1003 L0 x 107
NP T12-3 <37.5 to »25 7200 68.1 not detected-===-=w-—=ear-— <1.0 x 1(]_7 1.0 x 10_7 pof detected-—-—--s-s——m- <1.0 x 10_7 1.0 x 10_7
NP T2-4 <25 to »13.2 172800 33.0 not detected----=-r-s----- <1.0 x 10 1.0x lll_7 “ndt detected-—-----u-m--n- <1.0 x 10_, 1.0 x 10 5
NP T2-5  <13.2 to >4.75 3600 23.0 not detected-==n----=n--=- <1.0x 1077 L0 x 107 et defetted-—-omommmmamo- <L.0x 107 1.0 x 100
NP T2-6  <4.75 to »2.00 3600 12.8 not detected-~----------- <1.0 x 10 5 10 x 10 5 t defgeted-—---=n---sun- <1.0 x 105 1.0 x 10,
NP T2-7  <2.00 to >0.42 28800 10.0 not detected-------------- <t.0 x 10_7 1.0 x 10_7 not detected-—-—---s--um-- <1.0 x 10_7 1.0 x 10
NP T2-8  <0.42 to >0.26 28800 11.0 53 88 35.2 7.8x 10, 2.8x 10 5 g~ 16 0.2 5.99 x 10 , 3.0 x
RP T2-9 <0.25 to >0.15 3600 11.0 21 5 36.2 2.4 x 1(]_7 B.8 x 10-7 not detected-------=------ <1.0x 10_7 1.0 x 10
NP T2-10  <0.15 to »0.07 3600 11.0 not detected--------v----- <1.0x10, 1.0x10 ., not detzeted-—--—-umnoamn- <L.0x 10, 1.0 %
NP T2-11 <0.07 to »0.04 3600 11.0 not detected-----~-=-=voo- <1.0 x 10__7 1.0 x 10_7 not desected-------------- <1.0 x ].0__7 1.0 x 10
NP T2-12 <0.045 5400 10.9 not detected-----------——~ <1.0 x 10 L.0x 10 not detiétted-----=-v----- <1.0 x 10 1.0 x
NP T3-Rock  >50 14400 217.0  not detected=-rr----r---== .0 x 1077 1.0x 107 not detected-—zm-rcn--o- L0 x 1077 1.0 x 1070
NP T3-2 <50 to »37.5 14400 127.4 32 24 45.0 1.33 x 10:7 6.1 x 10_‘7 not detected----===s=====- <1.0 % 10:7 1.0 x 1t
NP T3-3Rock <37.5 to >25 14400 72.4 not detected----------—wun <1.0 x .l.Od;r 1.0 x 10 . not detected-----~v=-cmm- <1.0 x 10 _, 1.0 x 10,
NP T3-3WAF <25 te >13.2 28800 34.6 not detected-—------~--—-- <1.0 x l(.‘l__7 1.0 x 10-7 not detected--«----=v----- <1.0x 10_7 1.0 x 10
NP T3-4  <13.2 to »4.75 10800 23.4 not detected------~u----um <1.0 x 1(]_7 1.0 x 10__7 not detected--------u-=--- <1.0 % 10_7 1.0 x 10 70
NP 73-5  <4.75 to >2.00 3600 12.2 not detected-------------- <1.0 x 10 ¢ l.ox 10_7 not detected------w-somnnn <1.0 x 10 5 1.0 x 10:7
NP T3-6  <2.00 to >0.42 28300 10.0 89 116 3.4 l.44x 10_7 4.5 x 10_7 not detected------=------= <1.0 x 10__7 1.0 x 10_7 o
NP T3-7  <0.42 to »0.25 5400 11.0 not detected---~=--vs-=-mv <1.0x 1077 1.0x 107 not detected-------------- <1.0x 1077 1.0 x W7
WP T3-8  <0.25 to »0.15 5400 11.0 not detected-------------- <1.0x 10 . 1.0 x 10 , not detected-------------- <10 x 10 ¢ 1.0 x 10
NP 13-9  <0.15 to >0.07 7344 11.1 3 36 38.6  2.07x 107 8.0x 10, 14 10 49.2 1.2 x 107 5.9 x 107 &
NP 73-10 <0.07 to >0.04 3600 11.0 not detected-------------- <1.0 x lCl_7 1.0 x 10_7 22 0 3z.0 3.57 x 1()_7 1.1 x 10”6
NP T3-11 <0.045 3600 11.1 not detected---—-------~-= <1.0 x 1D 1.0 x 10 not detected-----—-------- <1.0x 10 1.0 x 1077

cg Jo cg @



THIS PAGE INVENTIONALLY
LEFT BLANK



€

Date Received:

2/ YBAS

INFORMATION RELEASE REQUEST

References
WHC-CM-3-4

Complete for all Types of Release

UC-N/A

Purpose ID Number (include revision, volume, etc.)

n Speach or Presantation §] Refersnce WHC-SD-EN-TI-049, Rev. O

a | Full Papor {Chack 3 Technical Report -

a s only one a1 Thesis or Dissartation List attachments.

Hmmary suftix) 11 Manusl

[ Abstrect n Brochurs/Flier

[1 Visual Ald [l Software/Database T
tl Speakers Bureau [1 Controlted Documant Date Release Required
L Postor Sexsion [ Othr October 5, 1992
] Videotape
Title: Contaminant Concentration-versus Particle Size for 300 Area North Unclassified Category 1mpact

Process Pond Sample Level 4

Now or noval {patantabla) subject mattar?

[] No [] Yes Disclosure Nois).

[X] no

If "Yas", has disclosure heen submittad by WHC or other company?

[] Yas

trade secrets, and/or Inventions?
[X] no [ ves tidenutyr

Information racelved from others in confidence, such as proprietary data,

Copyrights? [X] No [ ] Yos
If "Yes", has writtan permission bean granted?

[] No [] Yas {(Attach Permission)

Trademarks?

[X] wo ' [] ves tdentity}

Complete for Speech or Presentation

Title of Conference or Meeting

Group or Society Sponsoring

Legal - Genearal Counsel

Applied Technology/Export Controlied
Information aor Intemational Program

WHC Pragram/Project
Communications
RL Program/Projact

Publicatian Sarvicos

Othar Pragram/Project

Information conforms to all applicable requirements.

[]

N/A
Date(s) of Conference or Meeting | City/State Wil proceadings be published? [] Yes [] No
N/A . ' N/A ) Will matarial be handad out? [ ] Yes [ ] No
Yitle of Journal
N/A .o
CHECKLIST FOR SIGNATORIES

Review Required per WHC-CM-3-4 Yes No Reviewer - Signature Indicates Approval

Hame (printed) Signature Date
Classification/Unclassified Controlled
Nuciear Information [ ] [X] . . i .
Patent - General Counsal [x] [] a 27,

-

[X]

[X]

[X]

[X]

[l Lﬁécmu_m_iwﬂ /0/5/?7

[X]

The above information is certified to be correct.

References Available to Intended Audiance

Transmit to DOE-HQ/Otflce of Scientific
and Technicat Information

[l

Author/Requestor (Printed/Signature)

Yes

[X]

No

INFORMATION RELEASE ADMINISTRATION APPROVAL STAMP

[ ] mandatory commants.

[X]

Date

Responsible Manager (Printed/Signature)

J. 6. '.skacﬂar'c]V/7L'SHW-ﬁmT

Slers-
J. G. Field ?/z%z-
Intended Audience
[] Internal f1 sponsor [X] External

Date

Stamp i3 required bafore relaase. Release is contingent upon resolution of

a/29/72

Date Cancelled I

Date Disapproved

80-7600-062 (08/91) WEFO74

Part 1



74#5: Ba"e“e ., CLEARANCE OF PUBLICATIONS AND PRESENTATIONS "
Pacific Narthwest Laboratories 0oL
Type of Relgase O Joumnal Anicle
& Technical Report O Book or Sook Chapter
= Speach or Presantation 3 Thesis or Dissartation
{3 Fuit Papaer 3 Software Documentation
e O Summary 3 instruction Mdnual
3 T3 Abstract O Brochure/Flier
K] J stidas O Trade Show Exhibit R R Rt
E {3 Poster Sassion g Othar: “Date Ctearance Hequnred
i
; Title s
s Contaminant Concentration vs. Particle Size for 300 Area North Process Pond Samples
@ | Lead Author Name, Payroll Number, Phane, Mailstop (MSIN) Qthar Author(s) Name{s)
=
§ RJ Serne; 34031; 6-8429; K6-81 CW Lindenmeier; PK Bhatia; VL LeGore
O [ Projector Program Title 300 Area Pond Sediment [ teadOrg.Code ! Editer Mame {if aditec), Phone Cliant {Four Digit Code)
Characterization D7835 i WHC .. LQ78
i 1830, Praject No. and B&R No. If Aelated Services, TD No. (and FiN No. if NAC}) If Non-1830, Contract No.
Fromd _ | Completa Titla of Conterence Group or Sooiety Sponsanng
sds |
<3 DaesofCanference Ciy/State Will a Proceedings be Published? {1 Yes O No
S §' g Wil you hand cut material at the meating? O Yes' T3 No
=8 g_i For a journal submission, provide camplets litte of journal
5y
%’3:‘;: Intended Audience
8 ; ,
§ 5 5 Puzpose of Pyblication/Prasantation
BE
ST | Quanity Productan Cost | How will it e distributed?

I HAVE REVIEWED THE ATTACHED DOCUMENT AND HAVE CONSIDERED ALL OF THE APPROPRIATE ITEMS IN THE CHECKLIST ON THE BACK OF THIS FORM,
Dare

Author SS Date Program Manage:

R. Jeff%% 0”13’%"- R. Jeff Serne Q%%&Nm— OHZ?IQ’?,
Paar Aaviewsr Date QOther Date
RL Erikson KLé/‘/é‘""‘ ?/27/?2/

Editonat Reviewer Aaviewars' Commants (Pleasa imtiat)

\

Secnon Manager Date DRAPT - Clearance Only Thl'ough
o ”°Stet@’?&%&£ c'.[ = Department Level

Depanment Managar

JH Falco

Depanment Managder's Secratary:

Cail tha following person after the Department Manager's
and other raviews are completed and sigried aff,

phone




B

: @Hﬂ%‘ﬂ@?

i

DISTRIBUTION SHEET

To From Page o/
/m -, Mo, TS bare
Project Title/Work Order EDTNo. 427 22 7
ECN No.

Name

With EDT/ECN & | EDT/ECN

Attach. Comment Only
NS -5 hd
0 L el el Iy '
24 _ - 75T Y
NP, 28- 55| X
LS HY-ZZ | XD
it Zoses L2V g rd

A-6000-135 (12/87)



THIS PAGE INTENTIONALLY
LEFT BLANK



	1.TIF
	2.TIF
	3.TIF
	4.TIF
	5.TIF
	6.TIF
	7.TIF
	8.TIF
	9.TIF
	10.TIF
	11.TIF
	12.TIF
	13.TIF
	14.TIF
	15.TIF
	16.TIF
	17.TIF
	18.TIF
	19.TIF
	20.TIF
	21.TIF
	22.TIF
	23.TIF
	24.TIF
	25.TIF
	26.TIF
	27.TIF
	28.TIF
	29.TIF
	30.TIF
	31.TIF
	32.TIF
	33.TIF
	34.TIF
	35.TIF
	36.TIF
	37.TIF
	38.TIF
	39.TIF
	40.TIF
	41.TIF
	42.TIF
	43.TIF
	44.TIF
	45.TIF
	46.TIF
	47.TIF
	48.TIF
	49.TIF
	50.TIF
	51.TIF
	52.TIF
	53.TIF
	54.TIF
	55.TIF
	56.TIF
	57.TIF
	58.TIF
	59.TIF
	60.TIF
	61.TIF
	62.TIF
	63.TIF
	64.TIF
	65.TIF
	66.TIF
	67.TIF
	68.TIF
	69.TIF
	70.TIF
	71.TIF
	72.TIF
	73.TIF
	74.TIF
	75.TIF
	76.TIF
	77.TIF
	78.TIF
	79.TIF
	80.TIF

